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FOREWORD 


GEZA DE TAKATS, M.D., Cuicago, ILL. 


HE history of surgery can be written in various ways. It is possible 

merely to record the development of ideas, impersonally, dispassionately, 
without reference to the lives of men who created them. It seems obvious, 
however, that the impetus which certain dominant figures have given to prog- 
ress is only effective if their ideas and activities rapidly permeate contempo- 
rary thought and if these ideas then readily serve as building stones for the 
work of successive generations. Rudolph Matas’ ingenuity, energy, and _per- 
severance against many odds have created lines of thought in vascular surgery 
throughout the world; he may count hundreds of surgeons as being part of his 
school. His deep sense of historical development, his crystal-clear writing, and 
the recordings of vast clinical material from the Charity Hospital have made 
him a tower of wisdom and a lighthouse for future generations. 

This issue of the JouRNAL contains the papers presented at the seventh 
annual meeting of the Society for Vascular Surgery. To our revered and 
beloved honorary member, who will recognize many of his early thoughts 
crystallized and implemented in these presentations, this issue is respectfully 


dedicated. 
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RESPONSE TO FOREWORD 


RupoteH Matas, M.D., New OR.EAnNs, La. 


Y FIRST words on this occasion will be to acknowledge and thank you 

for the distinction you have conferred on me by dedicating the proceed- 

ings of your 1953 annual meeting to me. And I also wish to express the added 

pleasure it gives me to find this honor conferred on me between the presi- 

dencies of two fellow members and illustrious friends whose merits and friend- 

ship I appreciate so highly, Past President de Takats and President De Bakey. 

It will always remain one of my most agreeable reminiscences of this occasion 

that I have shared the pleasures of this dedication in company with these 
eminent and honored friends. 

It also gives me great pleasure to learn that the President uses the gavel 
which the Society presented to me at Atlantic City, June 19, 1948, and which 
I had the gratification of placing in the custody of the Society at the same 
meeting. This historic gavel (made of Louisiana oak from the stairway of 
the old Charity Hospital in New Orleans, where I made my debut in vascular 
surgery) brings to my mind the very earliest years of the foundation of the 
Society (1946) and the birth of conservative vascular surgery (1888) and, 
seeing its use in the hands of the President, I am happy to recall the cireum- 
stances under which the first attempts of conservative vascular surgery be- 
came more or less historical. The word conservatism in this sense simply 
means the methods by which an aneurysm or other lesion in an artery can be 
eliminated or cured without injury to the blood-carrying function of the ar- 
tery itself, and that is what is accomplished when, in curing an aneurysm, we 
substitute the suture, which preserves the continuity and lumen of the artery, 
for the ligature, which obliterates the lumen of the artery and arrests the cireu- 
lation. 

This dedication is particularly interesting and important to me because of 
its signifleance in recognizing the earliest record of conservatism in the treat- 
ment of aneurysms and the first challenge of conservative surgery in opposing 
the prevailing doctrine established from time immemorial that aneurysms 
could not be cured without arrest of the cireulation in the artery of which 
they were a part. This was universally known and specifically stressed long 
after my graduation in 1880, although English-speaking surgeons then and 
even to the present day have failed to realize by whom this dictum was spe- 
cifically emphasized, despite the fact that the European world recognized the 
greatness of the authority of its author, Antonio Scarpa (Pavia, 1804). His 
views remained universal even as late as 1913, when that eminent exponent of 
the cure of aneurysms by the method of ligation, Dr. Ballance of London, 
where John Hunter had so strongly advocated and emphasized the superiority 

ead at ™~ eo annual meeting of the Society for Vascular Surgery, New York, 
N. ¥., _ 31, 
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of his ligature for the cure of aneurysms, reaffirmed the Searpa dictum at the 
Congress of the International Society of Surgery held in London. It was at 
this Congress (1913) that I had an opportunity to report my personal ex- 
perience in the conservative treatment of aneurysms as a challenge to the in- 
fallibility of Searpa’s dictum. 

It was not until the appearance of Paul Moure’s book (Chirurgie vascu- 
laire conservairice,* the first systematic literature on the conservative treat- 
ment of arterial lesions, especially aneurysms, by substitution of the suture for 
the ligature) with its illustrations on the conservative treatment of aneurysms 
and vascular injuries, which was largely based on our correlated studies, that 
a conservative treatment of arterial injuries and aneurysms was brought to 
the attention of surgeons in Europe. 

The challenge of my own publications and Moure’s book were followed 
much later by the great and lasting emphasis of Leriche’s authority and ex- 
perience. In his admirable work (Anévrismes artériels et fistules artério- 
veineusest ), Leriche gives me credit for my own contributions and priority in 
conservative surgery as practiced clinically on human subjects in the treat- 
ment of aneurysms long before Carrel introduced or made known his ad- 
mirable experimental work on the lower animals with a needle-and-thread 
technique which, admirable as it was, proved of comparatively little value 
when literally applied to the larger surgery of the human arteries. 


MY PERSONAL EXPERIENCE 


The honor that you have conferred on me by inviting me to accept this 
dedication also reminds me of the very earliest years of my own medical ex- 
perience, when my early conception of the universally accepted and unques- 
tioned Searpa dictum was considerably upset by an experience I had in 1888 
in operating on a young Negro who had developed a traumatie aneurysm in 
the left arm. This was caused by a number of fine shots which injured the 
brachial artery in many places and led to the formation of an aneurysm which 
continued to enlarge until it occupied one-half the arm from the armpit to 
the elbow. In this case the usual methods common at that time were carried 
out: elastic compression of the main artery and the aneurysm itself by the 
Reid-Clementi method, attempting in this way to arrest temporarily the cireu- 
lation in the sae, hoping for coagulation in the sac and cure of the aneurysm; 
ligation of the artery at the upper pole of the sac; and, when, to our disap- 
pointment, pulsation in the aneurysm returned, application of a second liga- 
ture at the lower pole of the sae. Finally, as all these methods failed and we 
were faced with the possible loss of the arm, I determined to extirpate the 
aneurysmal sae. Accordingly, the operation was performed on April 6, 1888. 
However, an obstacle was found in carrying out this procedure because of the 
fact that it was impossible to extirpate the sac without also sacrificing the 
nerve supply of the arm, which would have resulted in complete paralysis of 
the arm. (The fear of limbs being left completely crippled or disabled made 


*Paris, 1923, Masson & Cie. 
7Paris, 1949, Masson & Cie. 
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amputation one of the obligate modes of treatment at that time in the case of 
certain aneurysms of the extremities.) In this quandary, wishing to avoid an 
amputation of the arm, I cleaned the sae of all clots and made every effort to 
find the orifices that were keeping the sac in active pulsation. In opening 
the sac I found a number of orifices from which blood was coming, evi- 
dently from collaterals, causing relapse of the aneurysm after ligation of 
the main artery that led to the sae. I searched for the bleeding orifices within 
the sac, probed them to determine their connection with the collaterals, and 
proceeded to suture the openings. I recalled the control of gunshot wounds 
of the intestines by suturing the orifices to prevent extravasation of intes- 
tinal contents, and it seemed a rational thing to contro] the hemorrhage by 
suturing the bleeding orifices. After suturing all the bleeding orifices within 
the sae (the wounded collaterals), I ordered the tourniquet released and found 
that the bleeding had all stopped. The sac became dry. Hemostasis was com- 
plete. In a short time the aneurysm dwindled to nothing as its blood supply 
was completely arrested, to my astonishment and great satisfaction. I then 
closed the wound, which healed, and the patient recovered with good use of 
the arm, 

The success of this procedure was strange to me because I had never 
seen it performed. I had read of no instance in which bleeding had been 
stopped by suturing the intrasaceular sources of supply to the aneurysm after 
ligation of all the arterial parent trunks. This circumstance led me to see 
what my teachers and the current texts of the classic authors said about it. 
I was still a very young graduate in 1888, and spoke to all my colleagues at 
the time, Professor Richardson, Professor Logan, Professor Souchon, Professor 
Miles, and others, who had had the largest experience in arterial surgery, 
especially those who had served as Army surgeons of the Confederacy. Every- 
where it seemed a novelty. In earlier days, when everything had failed to 
cure an aneurysm of the great arteries, the only recourse was to amputate; 
at least that was the general opinion, sustained by the great authority of such 
men as Perecivall Pott, who advocated amputation in aneurysms of the ex- 
tremities. No one used sutures for the control of hemorrhage, everyone 
ligated. And everyone was surprised that I had secured complete arrest of the 
aneurysm by simple intrasaccular sutures, apparently of collateral branches. 

Upon further inquiry into the literature of the time, including the text- 
books of Hunter, Ashurst, Bell, Ferguson, Pajet, and the classic French and 
German authors, I found that all concurred in the same opinion in advocating 
the classical methods of dealing with such complex situations. My procedure 
of intrasaccular suture of the bleeding orifices was so simple that I was sur- 
prised to find it had never been described or even mentioned. In reviewing 
the literature at that time I found that surgery of the blood vessels was 
considered the finest achievement of the surgery of the day, due to the danger 
of hemorrhage following the ligation of the great arteries, the innominate, the 
common carotid, the iliacs, the femorals, and the popliteals. Bleeding always 
appeared as an almost obligate sequel of ligation of the great arteries which, 
becoming inevitably septic, led to suppuration and then secondary hemorrhage 
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on detachment of the ligature which invariably occurred six or eight days 
after the operation. This was bad enough as a common occurrence of the 
peripheral arteries, but it was another matter when dealing with the aorta 
and its great visceral branches. 

Throughout the texts, successful ligation of these arteries was considered 
an achievement of great merit. No one dreamed of purposely ligating the 
aorta, and the few cases reported (all fatal) were looked upon as phenomenal 
and largely adventurous procedures. Confirming this opinion, the leading 
surgeons of the world were distinguished by the number and success of the 
ligations they had performed. The surgeon who had the most experience in 
this field of surgery was Valentine Mott, who had ligated as many as 137 of 
the larger arteries. He practiced in New York and his universal fame was 
recognized throughout the world. 

This continued to be the case until Lister taught us the one and only way 
of making the ligation of arteries less dangerous, by introducing asepsis and 
chemically sterilized catgut, which could be absorbed, preventing infection of 
wounds and ligatures. During the time I began practice, all methods were 
practically septic in New Orleans, except for a few like that of Schuppert (a 
pupil of Volkmann), who had introduced chemical disinfection and absorb- 
able ligatures in New Orleans (1876 to 1878) by the use of solutions and sprays 
of ecarbolie acid. Much later, a few innovators substituted bichloride on the 
basis of Koch’s researches, which endeavored to establish the superiority of 
bichloride as a germicide. These researches were in the eighties, seventy years 
ago. 

However, apart from preventive asepsis and lack of control of infection in 
the treatment of aneurysms, one fact was slow in being recognized, that the 
dictum of Searpa really could be challenged with apparent impunity, provided 
we could also prevent sepsis, and that an aneurysm could frequently be cured, 
after bleeding was controlled by constriction of the limb with an elastic 
bandage followed by opening the sae, clearing it of all clots, and suturing the 
orifices in the sae that were fed from the main or nutritive artery. 

After my first experience in the operation which I subsequently called 
endoaneurysmorraphy (suture within the aneurysm), I had other experiences 
which encouraged me very much in the intrasaccular suture of arteries. A 
few months after my first operation, a young man from Central America, who 
had a traumatic aneurysm of the arm caused by shots, came to me. Upon 
operation I evacuated the sae and sutured the single large orifice of com- 
munication with the main artery visible within the sac, so that the aneurysm 
was cured and the lumen of the artery remained open. I continued to operate 
in this way, adding to the technique, so that I had three forms or types of 
operation, which I described as the obliterative, the restorative, and the re- 
constructive, in which I was able to deal with aneurysms from inside by means 
of sutures. Here it was that the suture replaced the ligature. Instead of per- 
forming the classical Hunterian operation, which consisted of ligating the 
main artery outside of the sac, I performed endoaneurysmorraphies. 
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Furthermore, later on, when I visited my former assistant, Dr. Warren 
Bickham, when he resided in New York (1902), we devised another method of 
utilizing sutures for the cure of arteriovenous aneurysms, restoring the /pa- 
tient’s normal circulation by suturing the fistula that connected the artery 
and vein. The methods of technique which we recommended for the cure of 
arteriovenous aneurysms became well known in the surgical world. We cured 
a very large percentage of arteriovenous aneurysms by our methods, which 
were designated by several names, transvenous suture, obliteration of the 
fistula, and so forth. The details of most of these have been described in so 
many places, especially in my chapter in Keen’s Surgery,* that I will not burden 
this paper with details. 

In the course of time, my practice in the treatment of aneurysms became 
quite large, as my own students and other surgeons continued to send me 
eases. The number of my operations accumulated until, at the time of my re- 
tirement from private practice, I had as part of my personal experience over 
620 operations on the large arteries for aneurysms and other conditions, 519 
operated by methods of ligation (including removable aluminum bands) and 
101 by suture methods (including 98 endoaneurysmorraphies), and in all eases, 
all sutures and ligatures were buried in the tissues. In this we can see a de- 
cided contrast between my experience and experience in the days of Valentine 
Mott, whose total of 187 was the largest on record in civilian practice at that 
time. Also, there is a decided contrast in mortality between the pre-Listerian 
methods of Mott and mine under aseptic conditions, Changes in technique as 
well as aseptic methods made a very large difference in the direction of prog- 
ress. 

It was in this way that endoaneurysmorraphy, by either one of the three 
methods, the obliterative, restorative, or reconstructive, cured aneurysms with 
aseptic sutures (cut short and buried in the tissues) which closed all orifices 
in the sac that led to the main artery. By this procedure, all the circulation 
in the aneurysm was suppressed, and yet there was no encroachment upon 
the lumen of the main artery. It is in this way, unquestionably, that the mor- 
tality from this very serious affection of the arteries was conquered, since 
the introduction of aseptic surgery with aseptic and buried sutures made pos- 
sible the development of conservative treatment in the cure of aneurysms 
of the great peripheral arteries. 


ON THE VITAL IMPORTANCE OF OPEN THORACOTOMY AS A PREVENTIVE OF 
SURGICAL PNEUMOTHORAX 


Alongside the great success of this method of dealing with the peripheral 
vessels, there still remained the great aneurysms of the central and visceral 
arteries, in which the anatomic conditions made them impossible of approach 
and cure by the methods of control that were common to the peripheral vessels. 
New methods had to be developed to deal with such arteries as the thoracic 
aorta and the abdominal aorta. There was an unsolved problem remaining 


: *Surgery of the Vascular System, vol. 5, chapt. LXX, Surgery, Its Principles and Prac- 
tice, Philadelphia, 1914, W. B. Saunders Company. 
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which concerned all surgical manipulations of the aorta. Some means to enter 
the thorax safely had to be devised. Again I had occasion to participate at the 
very beginning of the solution of this problem by introducing the method of 
intralaryngeal insufflation,* in which I am an acknowledged pioneer. Now the 
surgery of the thorax presents an entirely different problem. Aneurysms of the 
aorta were unconquered, formidable, and intractable in the early years of my 
practice. They could not be cured by truly surgical methods until we discovered 
methods by which it was possible to maintain the supply of air in the lungs 
during operation. In this way it became possible to attack aneurysms of the 
aorta with some possibility of suecess. And now we have come to learn how 
to deal with this gravest of all forms of aneurysmal disease. 

It was my good fortune to have been one of the pioneers in surgery of the 
aorta before my retirement (first successful ligation of the abdominal aorta, 
April 9, 1923), and I have been deeply concerned with the advances which 
have come up in the last ten years which have completely revolutionized the 
treatment of aortic aneurysms. It is only now that we have attained the su- 
preme height of success in dealing with these formidable aneurysms by dis- 
covering the possibility of extirpating the aneurysms and transplanting whole 
segments of aorta and suturing them in place successfully, utilizing homolo- 
gous grafts from man to man of segments successfully preserved indefinitely 
by the freeze-dried method recently perfected at Bethesda (Marrangoni and 
Ceecheni, 1951, Pate and Sawyer, 1953). This is entirely a new field for which 
the members of this Association have contributed the most advances in the 
world. 

We must remember that, of all our successes, the absolute climax of suc- 
cess has not yet been obtained at the present time, but much progress has 
been accomplished, and the supreme height of conquest will not be long de- 
layed. Just as the hitherto forbidding, uneonquerable Mt. Everest has at last 
come to be subdued by the continued and persistent efforts of later and better- 
equipped and informed explorers, so aortic aneurysms, so long believed in- 
curable, are at last being subdued and conquered by science and the master 
hand of surgery. The realization of this dream was considered utterly im- 
possible in the almost immediate past, when the successful ligation of an aorta 
was looked upon by the surgical world as an almost universally fatal surgical 
procedure, and when the successful suture of wounded hearts and the extrac- 
tion of foreign bodies from the heart chambers were regarded, and rightfully 
SO, as magnificent and rare triumphs. And now, in the space of at most three 
years, the control, mastery, and replacement of injured and diseased aortas 
and the repair of congenitally malformed, traumatized, and condemned hearts 
have become so extraordinarily numerous and simplified in the hands of ex- 
pert operators, that operations on the aorta and heart itself have become at 
this moment so banal and so successful that they are threatening to drop from 
their commanding rank in the modern hierachy of surgical attainment. 


*History and Methods of Intra-laryngeal Insufflation for the ~~ of Acute Surgical 
i ax, Tr. South. Surg. & Gynec. Assn. 12: 52-82, 1899; J. A. M. A. 34: 1468-1473, 
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While dealing with the triumphs of the needle and suture for the cure of 
arterial and arteriovenous aneurysms, which established a new chapter in the 
history of the surgical treatment of aneurysms, we should note that, in estab- 
lishing the importance of the suture in opposition to the ligature, new methods 
of dealing with aneurysmal and cardiovalvular disease have gradually de- 
veloped into a greatly expanded application of the suture as a vast contribu- 
tion hitherto unsuspected in the cure of other numerous affections of the heart 
and great blood vessels. 

It is fair to state that in the treatment of aneurysms alone (arterial and 
arteriovenous) the contrast between the success and simplicity of the suture 
methods over the classical ligatures has been particularly exhibited in the 
surgery of war, when lesions of the arteries and the creation of aneurysms is 
enormously increased, and in which arterial wounds constitute by far the 
most fatal consequences of war injuries. 

While the advantages of the method of suturing arterial wounds and 
creating new methods of cure for the traumatic aneurysms of warfare had 
already been appreciated in World War I (as already demonstrated in our 
civilian practice), the benefits of suturing war wounds and curing war aneu- 
rysms were not really recognized until World War II, when the suture of 
war wounds and war aneurysms became so important that the military sur- 
geons who directed the surgical treatment of the armed forees had to be 
trained in the special knowledge of a form of arterial surgery particularly 
applicable to the conditions of warfare. The application of these new de- 
velopments in arterial surgery, as seen in its most recent and advanced phases 
in Korea, has so completely modernized the surgery of the blood vessels that 
the older teachings of fifteen or twenty years ago have become virtually his- 
torical, if not altogether obsolete. When we consider the great importance 
which was once attached to simple wounds of the heart, to foreign bodies in 
the heart, to other manifestations of traumatisms due to war injuries, and to 
other wounds and deformities of the heart and great arterial trunks, we cannot 
help but realize how relatively insignificant they all appear in the presence 
of the marvelous accomplishments of the present day. 

The surgery of the great arteries of the heart, neck, thorax, and abdomen 
have compelled a complete revision on the part of students for a new surgical 
knowledge of the anatomy and, especially, the embryology of the great vessels 
that spring from the heart and neck. Techniques for these operations have 
led to changes in our armamentarium and acquisitions to our language so new 
in the nomenclature of cardiovascular surgery that they are not yet to be 
found in the very latest dictionaries. New instruments, each named for its 
inventor, include the rib raspatory, elevator, stripper, spreader; costotome, 
thoracoscope, thoracotome; artery clamps, forceps, tourniquets, probes, needles, 
and needle holders; cardiac holders, cardiae dilators, infundibular punches, 
mitral stenosis knives, guillotine knives, auricular appendage clamps, auricu- 
lar wells; coarctation clamps, oxygenators, and many others which must be 
seen to be thoroughly appreciated. Reports of cardiovascular surgery speak 
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of the methods of ‘‘finger fracture’’ or ‘‘finger guillotine,’’ of mitral, aortic, 
or pulmonary valvulotomy, valvuloplasty, valvular suspension, of commis- 
surotomy, commissurorrhaphy, of a by-pass or shunt, of aortectomy, aortor- 


rhaphy, and many others. 

Needless to add, simply the names alone of these various operations and 
the techniques used have multiplied in such numbers that they constitute in 
themselves material for a new medical encyclopedia, and the names of the 
surgeons performing them would embrace the leading representatives of the 
whole surgical world, so great is the interest and enthusiasm with which this 
new line of surgical inventiveness is now being pursued. 

Most notable among the earliest successes obtained was the successful 
treatment of congenital abnormalities which so often prove fatal at birth or, 
later on, bring the life of the infant or young child to a premature or early 
termination. Among the earliest of these great accomplishments in the relief 
of congenital vascular defects was the first conquest of a congenital defect 
known as the patent ductus arteriosus, an achievement long dreamed of, but 
regarded as only a medical exercise for the anatomic laboratory. The first 
hope held for its relief and cure came when Robert E. Gross, of Boston, per- 
formed the first successful ligation of the ductus arteriosus in a living human 
subject, in August, 1938, and in this way started a new surgery of this duct, 
which has brought back to life hundreds and thousands of infants in almost 
every great pediatric clinic in the world. 

Following this first triumph came the discovery of an operation for the 
eure of congenital pulmonary stenosis and the tetralogy of Fallot. The symp- 
tom known popularly as ‘‘blue babies’’ (due to cyanosis of the face) has also 
passed away from the realm of infantile mortality in all its dangers and inter- 
ference with the growth and health of the newborn child and has become one 
of the proudest possessions of vascular surgery, a great feat which, coming 
almost in immediate succession to advances in surgery of the ductus arteriosus, 
has left the name of Alfred Blalock indelibly imprinted in the history of mod- 
ern surgery. Blue babies have been rescued from the ignorance and dark- 
ness of the past to a positive cure by the method first inaugurated by Blalock 
(Nov. 29, 1944) and now applicable in various ways in all the great clinics 
over the world with an enormous improvement in infantile mortality every- 
where where skillful surgeons are capable and ready to apply successfully 
the Blalock operation or its modifications.* 

The importance of diagnosing these conditions has elevated the merit of 
diagnosticians to a plane of distinction on a level with the merit displayed by 
surgeons in the operative technique for their relief, as is well exemplified by 
the splendid achievements of Dr. Helen Taussig, a member of Dr. Blalock’s 
staff at The Johns Hopkins Hospital. 

Continuing in the line of progress, we must refer to the realization of 
another conquest which had not been dreamed of in the past, and that is the 


: *As an illustration of the activity prevailing in his clinic at The Johns Hopkins Hos- 
pital, Dr. Blalock stated in a letter to Dr. Matas, dated June 30, 1952, that up to that time 
he had performed 1,155 operations for tetralogy of Fallot and over 60 on the pulmonic valve. 
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surgery for the cure of congenital defects of the aorta itself in the deformity 
known as coarctation, a veritable conquest, not only in the operative resources 
we now command for its relief, but also in the splendid accomplishments of 
the clinicians who have learned to make the early diagnosis, without which the 
defect would continue to progress to an early fatal termination. 

Clarence Crafoord, of Stockholm, is credited with the first successful 
operation for coarctation (Oct. 19, 1944) ; almost coincidently, Alexander and 
Byron, of Ann Arbor, Mich., obtained an extraordinary success in suturing 
the aorta at the site of an excised section of a coarctation including an as- 
sociated aneurysm (1944). Soon thereafter (1945) Robert Gross began an 
impressive series of operations for the relief of coarctation with or without 
aneurysm, and he is universally recognized as the first to replace the excised 
segment of aorta with an homologous graft (1949). 

Not satisfied with these great triumphs, the vascular surgeon today is 
spreading his way to still greater conquests which have only been possible 
by the improvement that has been effected by the open surgery of the thorax, 
a surgery which has been the chief source of all the other triumphs that have 
been attained in the cure of aortic aneurysms (until the last few years recog- 
nized as inaccessible to surgeons and as fatal in their ultimate effects, their 
existence being usually considered a sentence of death when they were recog- 
nized). 

Coincident with the great development of the technique most lately de- 
vised in dealing with aneurysms of the aorta is the progress made in the pres- 
ervation of homografts. This real transplantation from the aorta of the ¢a- 
daver to the site of the attachment of these excised segments and the suturing 
of the transplants, or grafts, directly to the divided ends of the excised artery 
have led to the development of a variety of techniques which, in their relation 
to the various segments of the aorta and its branches, have made it necessary 
to create a new nomenclature for the methods of this branch of surgery, which 
is entirely new and strange in anatomic nosology. 

I have already referred to the immense progress accomplished in the 
technical approaches and results of vascular surgery in its relation to the con- 
genital disorders of the heart, including the new surgery of the ductus ar- 
teriosus, the stenosis or stricture of the pulmonary artery, coarctations of the 
aorta with or without their consecutive aneurysms, and the new techniques 
for their correction and relief. We now come to no doubt the most com- 
manding of all the cardiovascular lesions, which, from as far back as the days 
of Antyllus and the beginnings of surgery up to the present time, have en- 
gaged the attention of surgeons, and at the present, after centuries of ex- 
perience and labor, have at last come to a hopeful prospect of successful re- 
lief and cure with the help of the latest and most advanced improvements in 
the techniques of attack and cure peculiar to our strictly modern tactics. As 
previously stated, by the conjoined improvements in the methods of thora- 
cotomy and intrathoracic techniques, we may claim to have attained the maxi- 
mum of efficiency and accomplishment in the conquest of aortic aneurysms. 





Volume 34 RESPONSE TO FOREWORD 981 
I cannot attempt even to mention the vast mass of achievements accom- 
plished in the cure of aortic aneurysms without continuously overlapping and 
accumulating the number of successes that are being recorded in almost every 
one of the great surgical world clinics in the recovery and cure of aneurysms 
of the aorta, which develop in almost every section and branch of this great 
artery, whether inflicted in injuries, accidents, and diseases of civilian life, 
or in the more frequent and fatal accidents of war. It will suffice only to 
mention some of the latest achievements that confirm our confidence in the 
supreme conquest of aortic aneurysms. Nothing can justify more fairly, 
justly, and proudly the triumphs of cardiovascular surgery as developed in 
the field of the aortic distribution than the quoting of a few examples of the 
many hundreds of successes in the radical eure of abdominal and thoracic 
aneurysms, as the reports of these heroic episodes in the history of surgery 
appear in our periodical press almost month by month or week by week. 

While the uniform successes and cures resulting from our present methods 
of dealing with aortic aneurysms fill us with amazement and strengthen our 
courage and boldness in attacking this hitherto defiant and fatal surgical 
affliction, we feel that modern scientific surgery has never accomplished its 
mission with greater glory than it has at this very historic period of our sur- 
gical greatness. 

Merely because I cannot resist the desire to name and applaud the glorious 
achievements that the masters of our guild are adding to the luster and worthi- 
ness of our profession in dealing with aortic aneurysms, I will mention only a 
few of the names that occur to me at this moment, without any thought of 
creating envious distinctions among the great mass of our colleagues, who are 
now working with marvelous activity for the glory and renown of our art in 
almost every surgical center of the world. I would only mention such of our 
fellow members and contemporaries as the following: Bahnson, Blakemore, 
srock, De Bakey and Cooley, de Takats, Charles and Claude Dubost, Fon- 
taine, Freeman, Hierton, Hufnagel, Lam and Aram, Monod, Murray, Schafer 
and Hardin, Shumacker, Swan, and others. De Bakey and Cooley and Schafer 
and Hardin have reported most notable and difficult operations involving ex- 
tirpation of aneurysms of the abdominal aorta including the bifurcation of 
the common iliaes, with restoration of the continuity of the circulation by re- 
placement of the excised segments with preserved or freeze-dried homologous 
grafts.* 

The practicability of shunts has been established for cases in which it is 
necessary to maintain the circulation and at the same time control hemostasis 
while extirpating aneurysmal areas of the aortic trunk itself and substituting 
transplanted grafts. Several reports of the use of shunts to by-pass the area 
of aortectomies have been published, to the great credit of such operators. 

Notable among those who have left distinguished records of the use of 
shunts in the treatment of aortic aneurysms are such as Carrel and Guthrie, 


*In a letter dated July 6, 1953, Dr. De Bakey said, “We have now performed this pro- 
cedure of excision of aneurysms of the aorta with restoration of continuity by homografts in 
21 eases. The results have been so gratifying that we believe it provides the most satis- 
factory surgical approach to this problem.” 
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whose performances were solely in the animal laboratory, and, clinically, Bla- 
lock, Gross, Hufnagel, Shumaker, Schafer and Hardin, De Bakey and Cooley, 
Bahnson, and others, who worked with various procedures and material. 

This dedication also brings to memory Elliott C. Cutler’s report as an in- 
vited guest before the American Surgical Association in Boston, in April, 1924, 
of four operations he had performed for the relief of mitral stenosis. It is 
now thirty years since his first successful attempt was made to relieve a 
stenotic lesion of the mitral valve (May 30, 1923). This great achievement 
(first relief of mitral stenosis) is now indelibly associated with the name of 
Elliott Cutler, for many years surgeon-in-chief of Peter Bent Brigham Hos- 
pital in Boston. In this way he realized the dictum and prophecy of Lauder 
Brunton (1902) of twenty-one years earlier, and which before then was thought 
of by others. 

The first operation performed by Cutler was on a young girl 12 years of 
age on whom he operated by opening the base of the heart and dividing the 
obstruction in the valve with a small cutting blade. The patient recovered, 
was in good condition at the time of his report, and is said to have lived four 
and one-half years. 

While the mortality of the group (one success as a definite cure, of four 
operations) was apparently discouraging, the success obtained in the first 
case gave encouragement for future efforts in similar cases. Work being done 
in St. Louis coincidently with Cutler’s work was helpful in encouraging very 
decidedly the study of the techniques of the operation on the heart, which 
in the past had so largely deterred experimentation because of the fears of 
fatality from surgical trauma and manipulations. There was a decided im- 
provement in cardiae work with the realization of the safety of access to the 
valves by the route of the auricular appendages and also the ability to illumi- 
nate the chambers of the heart by an electric speculum while the living heart 
was functioning, as suggested and applied by Allen and Graham of St. Louis, 
but never generalized as a practical instrument. 

The experimental work being done at the time was also of immense value 
in demonstrating the enormous importance of animal experimentation in giv- 
ing encouragement to clinical surgery of the living functioning heart. The 
great benefits which surgery received from animal experimentation in this 
field of surgery were stressed in the discussion of Dr. Cutler’s paper by Harvey 
Cushing, W. W. Keen, Crile, myself, and others. Dr. Keen said: ‘‘I thank 
God I have lived to see this domain in which surgery had not entered, entered 
now definitely and positively!’’ I myself said: ‘‘It is only right and proper 
that those of us who have lived through the pioneer period of cardiac surgery 
should appreciate the evolutionary significance of the clinical and experi- 
mental accomplishments of Drs. Cutler, Allen and Graham.”’ 

The work done in Dr. Cutler’s time developed much later into an enor- 
mously expanded field of experimental ecardiologiec surgery and led to an 
enormous development in the frequency and success of clinical cardiologic 


surgery. 
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Following the initiative of Souttar (1925) in entering the heart through 
the auricular appendage, a great stream of operations have been reported in 
the last ten years by innumerable operators all over the world, many series 
numbering in the hundreds and thousands, and, as far as the mitral valvu- 
lotomies are concerned, performed in some clinics no less than possibly two 
to three a week. To this extraordinary activity in this special vascular field 
is added the still more notable fact that the numerous and increasing technical 
accomplishments are being exercised with a relatively small mortality which 
would have been incredible or miraculous even twenty-five years ago. 


Correction of special diseases or affections of the valves and their septal 
defects are commanding the greatest attention at this moment since they 
present often the most difficult and even impossible techniques for their cor- 
rection, including mitral, pulmonic, and aortic valvular operations and their 
corresponding commissurotomies. As the number of operations for mitral 
stenosis continues to multiply with such low operative mortality as is recorded 
in the interesting papers of Baker and Brock, Gerbode and Holman, Bailey, 
Hurwitt, De Bakey, and others, it would seem that the prophecy uttered by 
Bailey, of Philadelphia, in New Orleans in March, 1949, that the mortality 
of valvulotomies for mitral stenosis could be reduced to 5 per cent has already 
been more than realized. Among others distinguished for cardiae surgery are: 
Beck, Blalock, Glover, Harken, Hufnagel, Levine, O’Neill, Smithy, and others. 
Without wishing to disturb the modesty of some of my junior friends and 
colleagues who are shedding luster in our section of the country by their ever- 
increasing achievements in this special field of surgery, I am still compelled 
to mention some of my eminent colleagues including Ochsner, Veal (formerly 
of New Orleans), Burdette, Miangolarra, DeCamp, and Kahle, of New Orleans. 

When we consider the enormous development of the surgery of the heart 
we cannot fail to realize the debt of humanity to the indomitable courage, 
enterprise, and splendid example set by that intrepid surgeon, Elliott Cutler, 
who left the seal of immortality on his noble career, to the honor of our guild 
and of our specialty. 

The truth is after all that this phenomenal progress which has been ac- 
complished in the surgery of the blood vessels (arteries as well as veins) has 
been unquestionably due to several factors which have traveled together on 
this new road in the last few years. These factors are improved medical tech- 
niques favored by the development of a perfected, safer anesthesia, better 
surgical training, greater knowledge of a previously much-neglected embry- 
ology, technical improvements in the instrumentarium, and, last but not least, 
catheterization and visualization of the interior of the heart via the normal 
venous and arterial channels (Courand and others). This has been in accord 
with the increasing number of inventions devised by numerous operators and 
with the increasing number of discoveries in the field of congenital deformities. 
In addition, vastly advantageous and almost vital assistance has been obtained 
from the aid of modern hemotherapy and the relative abundance of the banks 
of blood, generously provided by the patriotic people of this country. Trans- 
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fusions and infusions in effective quantities have become most powerful aids 
to the advancement and safety of surgery of the vessels, as well as of every 
branch of surgery. 

That I have contributed to some extent to the advancement in the tech- 
niques and in the safety of vascular surgery in the periphery as well as the 
visceral domain is a source of profound gratification to me and, I trust, the 
most valuable of my personal contributions to the progress of surgery. 

I feel that it is most gratifying, without the least exaggeration, that one 
of the simplest things that made the world progress, and probably one of the 
most attractive because of its very simplicity as well as its antiquity, was 
learning how to use the needle and thread with all their conservative applica- 
tions in surgery as a substitute for the far easier, but obliterative, occlusive 
and crushing ligature. And it is in this simplest and most modest way that 
time and modern ingenuity have succeeded in elevating the unpretentious 
needle and thread to the level and rank of the surgical ligature, with its proud 
history in the vast domain of our surgical art. The comparative history of the 
needle and of the ligature in relation to their functions in surgery would prove 
an endless task which, no matter how interesting historically it might be, I 
will have to omit on this occasion. 

My dear colleagues and friends, I am most grateful for the privilege of 
addressing you on this occasion. It has been a pleasure to recall the history 
of the Society and some of the more notable incidents that have contributed 
to the usefulness and happiness of my professional life. And it is an added 
privilege and grateful satisfaction to have my remarks transmitted directly 
to you in my compulsory and regretful absence by my very distinguished and 
honored colleague and friend, Dr. De Bakey. 

I am compelled to have this paper read in absentia, which is a source of 
great regret, since I am not able to renew personally the friendship of numer- 
ous colleagues who were with me at the founding of the Society. I am also 
denied the pleasure of meeting the host of new and relatively young workers 
who have already left their imprint on the literature of our specialty, who, 
as future bearers of the torch of progress, are destined to carry the flaming 
message of the present to the coming generation. 





ANTICOAGULANT THERAPY 
GeEzA DE Takats, M.D., Cuicago, ILL. 


(From the Division of Cardiovascular Surgery, Department of Surgery, University of Illinois 
College of Medicine and the Cardiovascular Unit of St. Luke’s Hospital, Chicago) 


HE development of vascular surgery even since the founding of this So- 

ciety has been truly spectacular. Techniques of entering and leaving the 
heart and large blood vessels with repair of congenital or acquired damage, 
restoration of continuity of obstructed arteries, shunts between high pressure 
and low pressure areas in the portacaval system, repair of aneurysms or their 
resection, surgery of the sympathetic nervous system for hypertension and 
peripheral vascular disease, together with blood flow studies in the peripheral 
or visceral vessels and problems of thromboembolism, have been the topics 
of our deliberations. Our members have been the leading contributors to these 
subjects and, through the courtesy of the editors of the JoURNAL, all these 
papers have appeared in annual numbers since 1948.1 

In choosing the topic of antioagulants for this address, I have selected 
a subject to which surgeons were the pioneer contributors. Crafoord,? work- 
ing with the skilled chemistry of Jorpes, and Gordon Murray, aided by Best 
and his colleagues,* were the first to use heparin in surgical patients. This fact 
needs emphasis, since today the internist, the gynecologist, the physicist, the 
biochemist, the ‘‘coagulationist,’’ and the hematologist are all hard at work 
at this problem, attacking it from such different angles that conferences on 
blood elotting seemed desirable for the Macy Foundation in order to integrate 
accumulating data from such varied sources.* 

These recent studies have so deepened the seemingly simple theory of 
blood coagulation that one may well wonder at the temerity of surgeons who 
grapple with the maze of daily discovered factors of blood clotting. It is my 
conviction, however, that there is a real need for the establishment of clear- 
cut criteria for the proper use of the proper anticoagulant and that, as a re- 
sult of clinical observation at the bedside, some conclusions may even be drawn 
as to the fluctuations in the state of the clotting mechanism. There is a clin- 
ical necessity for a dynamic concept of the hemostatic factors which are not 
a conglomeration of many ill-defined precursors and proenzymes synergizing 
and antagonizing each other in a test tube with a multiplicity of nomen- 
clature.© The changes in the clotting mechanism should be regarded as an 
orderly defense reaction against trauma in the broadest sense of the word. 
The situation is not unlike the one prevailing in the theory of diabetes as 
against the practical management of the diabetic patient. Certainly the in- 
volved mechanism of faulty carbohydrate metabolism, particularly as eluci- 
dated by Cori® does not directly apply to the clinical evaiuation of the diabetic 


: These studies were supported by grants from The Upjohn Company, Kalamazoo, Mich., 
Hoffmann-La Roche, Nutley, N. J., and the Chicago Heart Association. 

J Presidential Address, seventh annual meeting of the Society for Vascular Surgery, New 
York, N. Y¥., May 31, 1953. 
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state, which is made by pre- and postprandial blood sugars, the sugar to 
erance, and insulin-tolerance curves, methods which are the daily tools of the 
practitioner of medicine. 

I propose, therefore, to discuss this problem along three definite lines, t! 
clinical stages of the thrombotic state, the selection of the anticoagulant, and 
the conduct of anticoagulant therapy. 













STAGES OF THE THROMBOTIC STATE (Table I) 


It is certain that a subclinical phase of the thrombocytie state exists which 
is either symptomless or is accompanied by such vague and nonspecifie symp- 
toms that a positive diagnosis is impossible. No one, to my knowledge, has 
demonstrated any clear-cut changes in the blood in this stage, although later 
in the discussion I shall present data which would suggest that in certain in- 
dividuals the natural defense reaction is depleted and that this depletion can 
be restored, at least temporarily, by heparin. The acute stage, however, 
whether the thrombus occurs in the calf veins, in the veins of the pelvis, or 
anywhere else in the body, manifests itself by pain, edema, inflammatory re- 
action in the lymphaties, fever, leukocytosis, eosinopenia, increased sedimenta- 
tion rate, and a shortening of the clotting time, especially if this clotting time 
is sensitized by heparin.*? The clinical and laboratory findings are produced 
partly by the effects of local vascular obstruction and a local reaction of the 
tissues to the thrombus and partly by an alarm-reaction of the body, which 
will vary from patient to patient. Most importantly, such a patient is heparin- 
resistant and requires much larger doses of heparin than are customarily pre- 
seribed. There is also some evidence of water retention (sodium conservation) 
at this stage. The process may slowly subside without any specific treatment ; 
in fact, before the days of anticoagulants, when nothing but the prescription 
of bed rest and bandaging or splinting was done, this was the usual course of 
events. After six to eight weeks some patients have no further thrombo- 
embolic phenomena but are frequently left with persistent postphlebitic se- 
quelae; in a large percentage of cases a chronic recurrent thromboembolic dis- 
ease results, brought about by the chronic venous stasis in the extremity and 
partly due to the inability of the clotting mechanism to cope with superim- 
posed aspects of ordinary life such as bed rest, childbirth, operation, trauma, 
and even emotional stress (Fig. 1). 



























TABLE I. THE SPONTANEOUS COURSE OF THROMBOEMBOLIC DISEASE* 
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*Embolus may occur in every stage, also in the subclinical one. Over 50 per cent of 
pulmonary emboli originate from an unrecognized source. 
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The thrombotic process may thus heal slowly by lysis or become a chronic 
recurrent disease, during which thrombi and emboli may occur as late as eight 
to ten years after the original episode. A study of such a group of patients is 
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Days preceding and following operation 


Fig. 1.—Daily clotting times sensitized with 4 y of heparin per 1 c.c. of blood. In the 
case of W. B. L. the clotting time gradually shortened before operation and then showed the 
normal response to surgical trauma after operation. The preoperative drop of the clotting 
time can be readily observed and can be attributed to preoperative anxiety. Eosinophil counts 
are also low in the hospital, especially on entrance. 
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Fig. 2.—Poor response of the clotting mechanism to a single dose of 25 mg. of ACTH in 
chronic thromboembolic disease. 


most revealing, since their clotting mechanism does not respond adequately to 
a single dose of ACTH (Fig. 2). It is likely that the reported cases of thrombo- 
sis following ACTH therapy signify a poor response of the clotting mechanism 
to a stress, to which it normally responds with hypocoagulability (Fig. 3). 
It other factors which tend to favor coagulation are present, a real breakdown 
of the natural defenses against clotting may occur. These occur in patients 
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who are overoperated, overdigitalized, dehydrated, or desalted, or who hav: 
diffuse carcinomatosis or prolonged convalescence (Table Il). In such pa 
tients, even heroic doses of anticoagulants may not restore the clotting 
equilibrium to normal. They exhibit one thrombus or embolus after anothe: 
and usually die of an acute thromboembolic episode. This might be called 
the malignant phase of thromboembolic disease, representing the stage of ex- 
haustion of the clotting mechanism. I shall point out later that, unfor 
tunately, such a state is frequently iatrogenic, brought about by insufficient 
dosage or poor timing of the anticoagulant. 


TABLE II. FAcTORS INFLUENCING HEPARIN TOLERANCE 


DECREASED RESPONSE INCRFASED RESPONSE 











Advanced age Youth 

Acute thrombosis (first phase) Acute thrombosis (second phase) 
Postoperative state (first phase ) Postoperative state (second phase 
Thrombocytosis Traumatic F Chess Mhnteatuat 
Hemoconcentration Hemorrhagic § °'0°%) S0TMOLySIS 
Polycythemia Hepatic damage 

Digitalis (toxie doses) Hypoprothrombinemia 
Hyperlipemia Thrombocytopenia 

Carcinomatosis Sodium tetrathionate 





Thus, the three stages of thromboembolic disease, the acute stage, the 
stage of defense, and that of exhaustion, readily fall into the pattern of Selye’s 
general adaptation syndrome,® a fruitful hypothesis which we have invoked to 
explain certain phenomena of both thrombosis® and hypertension.*° 


THE RECOGNITION OF THE STAGES OF THROMBOEMBOLIC DISEASE 


The acute stage of thromboembolic disease has already been described. 
It has clinical symptoms and typical laboratory findings. The patient’s tol- 
erance to intravenous heparin is increased, the heparin-sensitized clotting time 
is shortened, and he retains water and sodium. It is interesting that the pa- 
tient with an acute thrombosis may actually show water retention just as after 
an operation. The eosinophil count is low (Fig. 4). 

This acute thrombotic state may be terminated abruptly by large doses 
of heparin. Not only is the earliest possible administration necessary, but 
the size of the dose is also important. Fifty milligrams of heparin given 
intravenously every three hours in a massive, spreading venous thrombosis is 
not only useless but may result in a prolongation of the disease’! toward a 
chronic reeurrent phase with pulmonary emboli. This is such a frequent mis- 
take that a typical case representing our present management will be illus- 
trated. 

CASE 1 (No. 13849, St. Luke’s Hospital).—M. K., a 63-year-old schoolteacher, was 
admitted as an emergency on July 9, 1951. While he was shaving in the morning, the 
left leg became weak and took on a purplish color. There was no pain. A physician was 
called who referred him first to a neighborhood hospital from which he was transferred 
in the afternoon to St. Luke’s Hospital. Previously he had been treated for bronchiectasis, 
hypertension, rapid heart, and ankle edema. He had been on digitalis and mercurial diu- 
retics from time to time. 
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The left lower extremity was greatly enlarged from toes to groin and was bluish 
purple. The distal one-third of the lower leg and foot was cool; the dorsalis pedis pulse 
was well made out, but the posterior tibial pulse was doubtful, possibly because of the 
huge ankle edema. Further investigation in cooperation with Dr. Carl Hedblom revealed 
generalized hypertensive cardiovascular disease and cardiac decompensation; a cardiogram 
revealed myocardial pathology; the chest x-ray picture showed an area of infiltration in 
the left lower lobe of the lung consistent with pulmonary embolism; an uncontrolled dia- 
betes with fasting blood sugar of 360 mg. per cent and nonprotein nitrogen of 40 mg. per 
cent were also present. 
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Fig. 3.—The normal response of the clotting time to a single dose of ACTH after four 
hours. Note the significant rise in clotting times compared to those in Fig. 2, a 15 per cent 
or larger rise from the preinjection level. 


In addition to his medical management, consisting of digitalis, ammonium chioride, 
regulation of diabetes, and antibiotic therapy, an immediate paravertebral block was per- 
formed with little change in the peripheral vascular status. Heparin was started in 100 
mg. doses every four hours for two days, which was continued with 1 c.c. of 50 per cent 
heparin (500 mg.) on the third day. It was soon found that the initially low sensitized 
clotting time of nine minutes, thirty seconds could hardly be raised with this dosage, so 
that 1,000 mg. daily doses of heparin divided in two intramuscular doses became necessary. 
At this stage, 500 mg. of heparin would only produce a rise of the sensitized clotting time 
to twenty-one minutes, thirty seconds at the third hour with_a return to ten minutes at 
the fourth hour. This dose was reduced on Aug. 18, the ninth day of illness, to one in- 
jection of 500 mg. daily and was kept up for another eight days, after which one final 
injection was given forty-eight hours iater. On discharge the patient was compensated 
without digitalis, the infarct had disappeared on x-ray examination, and the diabetes was 
under good control. 
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An interesting change in the thromboembolic disease took place suddenly, by cris 
on Aug. 18, 1951. On this day the daily 1,000 mg. dose of heparin had to be suddenly « 
in half, the edema and cyanosis suddenly disappeared, and diuresis increased (Fig. 
This happened without mercurials and was not a digitalis effect since the digitalis ha 
Re-examination seven months later revealed no edema 


been discontinued four days before. 
A nylon elastic hose to the knee wa 


while the patient was wearing long elastic hose. 


ordered. 


THROMBOEMBOLISM 
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Fig. 4.—Case of E. E. See a detailed analysis of the history under Case 3. Because of 
insufficient dosage and duration of heparin administration, together with cautious doses of 
Dicumarol, the disease terminated by slow lysis. Top row illustrates the fluid balance which 
remains negative. Water retention is greatly accentuated by 4,000 c.c. of liquid intake at 
asterisk. sosinophils in the second row climb slowly. Prothrombin activity is depressed 
below 30 per cent of normal only twice. Patient had a chronic microscopic hematuria because 


of an old glomerulonephritis. 


This man obviously had a lot of complicating factors, in spite of which the 
transition from a heparin-resistant to a heparin-sensitive state together with 
marked water excretion is unmistakable. The massive dose of heparin was 
necessitated not only by the patient’s overweight (210 pounds) but also by 
the extent of the thrombosis, and nothing less than 1,000 mg. of heparin a day 
If the massive doses of heparin had been started earlier, the 


was effective. 
diuresis, and loss of edema would have occurred sooner. 


defervescence, 

Chronie thromboembolic disease frequently results when heparin is 
stopped too early or too abruptly, or when Dicumarol is used in the acute 
The duration of treatment must never be less than two weeks nor 


phase. 
Two cases in point are briefly 


should the treatment be stopped suddenly. 


presented. 

CasE 2 (Discharge No. 142022, St. Luke’s Hospital).—In 1942, M. M., a 49-year-old 
executive, developed a thrombophlebitis in the left cubital fossa. This was treated by 
It had occurred less than two weeks after the patient donated 


x-ray and fomentations. 
In De 


blood for the Red Cross; in 1949 a similar episode occurred in the right elbow. 
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cember, 1949, he developed a mild diarrhea, sore throat, and a temperature of 103° F. He 
remained ambulatory and received two injections of penicillin. Within three days of the 
onset, right calf muscle pain with cramping on dorsiflexion developed, and he was brought 
by ambulance to St. Luke’s Hospital. On admission the thrombophlebitis seemed to be 
in the adductor muscle, whereas the tenderness and edema of the lower leg had disappeared. 
Oral temperature was 101° F. The patient was resistant to 10 mg. of heparin in that 
the capillary clotting time was two minutes before, and two minutes, ten seconds after, 
intravenous injection. He received one dose of roentgen ray to the adductor muscle. 
The following dosage of heparin was used: 100 mg. of heparin intravenously statim, 75 
mg. of heparin at 2 A.M. and 7 A.M. the next morning; for the next four days 300 mg. of 
Depo-Heparin was given daily in two divided doses. On the fifth day, the Depo-Heparin 
was cut to 200 mg. and on the sixth day it was discontinued. The patient was ambulatory 
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Fig. 5.—Case of M. K. (Case 1 of the text). Compared with Fig. 4, this patient shows 
a consistently positive fluid balance which only gives way to water retention once (at as- 
terisk), when 4,000 c.c. of liquids was prescribed. Top row illustrates fluid balance, second 
row eosinophils, third row sensitized clotting times, and fourth row the dosage of intravenous 
and intramuscular heparin. This patient received 5,200 mg. of heparin during the first week of 
hospitalization, and the daily 1,000 mg. doses could have been given sooner. The early heparin- 
resistance is well illustrated, followed after the seventh day by diuresis, rise in clotting time, 
and increased sensitivity to heparin. 


after three days of bed rest and left the hospital on the eighth day. At this time he was 
free of symptoms and of fever, and the capillary clotting time rose from four minutes, 
forty-five seconds to seven minutes, fifteen seconds in ten minutes after administration of 
10 mg. of heparin. The sensitized clotting time, however (4 y per cubic centimeter), was 
twenty-two minutes on discharge, below our normal range for this type of sensitized 
clotting time. Three days later he was back in the hospital with calf tenderness on the 
opposite, left side and with a sensitized clotting time of nineteen minutes (4 y per cubic 
centimeter). He showed a urinary specific gravity of 1.020 and hematocrit of 49.5 with 
12.9 Gm. of hemoglobin. Depo-Heparin was started again in daily 200 mg. doses. He re- 
ceived 200 mg. twice each week for two weeks. - 

In less than two months the patient entered the hospital again, this time with a deep 
venous thrombosis of the right, initially affected calf. He received 200 mg. of heparin 
in the musele daily, during five days in the hospital, and for a total of two weeks as an 
tmbulatory patient. Efforts to diagnose thromboangiitis obliterans or migrating thrombo- 
phlebitis failed. No further attacks were observed for three years after this episode. 
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The treatment of this patient was faulty in that (1) he did not get enoug 
heparin initially, and (2) the duration of treatment was too short. This an 
several other experiences led us to the adoption of a two-week period of anti 
coagulant therapy for acute thromboembolic disease; otherwise, chronic re- 
current thromboembolic disease may result. 


CasE 3 (No. 31189, St. Luke’s Hospital).—Dr. E. E., a 56-year-old surgeon, entered 
the hospital on July 16, 1952, with a hard, swollen, painful left calf, measuring one inch 
and one-quarter six inches more below the knee than on the right calf. The pain started 
three to four days previous to admission. All other findings were negative with the ex- 
ception of an albuminuria with few casts and red cells, which has persisted since a case 
of nephritis in childhood. The sensitized clotting time (1 y per cubic centimeter) was ten 
minutes, thirty seconds, the normal range varying between twelve and fifteen minutes. 
3ecause of the microscopic hematuria, heparin was started intravenously in 50 mg. doses 
every eight hours on the day of admission and then increased to 100 mg. three times each 
day for the next two days. The patient was kept ambulatory with an elastic bandage 
for four days in the hospital and was then discharged with two daily injections of intra- 
muscular heparin, receiving a daily dose of 250 mg. He showed rapid disappearance of 
the acute phase, the edema and pain disappearing and becoming sensitive to heparin on 
the fifth day. 

He voluntarily stopped the heparin after one week; five days later a right lower 
lobe embolus occurred for which he was treated by his physician with bed rest and re- 
sumption of the previous maintenance dose of heparin, namely, 250 mg. per day. Ten days 
later, while at home, he experienced a sudden left-sided chest and shoulder pain and was 
readmitted with the diagnosis of a left lower lobe infarct. The left calf was still turgid 
and showed pretibial edema. He was in obvious respiratory distress. Roentgen rays con- 
firmed the diagnosis of both pulmonary emboli. The medical department started him on 
Dicumarol, and prothrombin activity was kept between 40 and 25 per cent of the normal 
level. Fifty milligrams of heparin was given every four hours for three days. Dicumarol 
was kept up in doses of 50 to 75 mg. per day, while in the hospital, for seventeen days 
and has been kept up for three months. Convalescence was uneventful. Fluid balance 
is shown on the accompanying chart, indicating a long-lasting water retention (conva- 
lescence by lysis) (Fig. 4). 


The slow recovery of this patient may have been brought about by (1) 
premature interruption of heparin therapy, (2) insufficient doses of heparin 
when the first embolus occurred, or (3) the use of Dicumarol which may have 
dragged out the convalescence and might have led to the necessity of caval 
ligation had one more embolus occurred. 

Actually, we have never seen any bleeding from doses as high as 500 to 
1,000 mg. of heparin divided in from four to six daily doses if given in the 
early acute phase when the requirement of heparin is high. The first phase, 
especially if adequately treated with heparin, will suddenly give way to the 
second phase. There is sudden diminution of edema, marked diuresis, a fall in 
temperature to normal, a rise in the eosinophil count, and a marked sensitivity 
to heparin (Fig. 5). When this phase appears, the dose of intravenous heparin 
has to be cut sharply to about 300 mg. of heparin per day in three eight-hour 
doses. Intramuscular heparin should be given in two doses a day not to ex- 
ceed 300 to 400 mg. When hemorrhage occurs as a result of too much heparin, 
it happens in this second phase of resistance, when the natural anticoagulant 
reaction of the body accentuates the action of heparin. 
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An identical phase of natural anticoagulant response is observed in the 
postoperative course of patients. We have previously demonstrated this re- 
sponse of the clotting mechanism to surgical stress® (Fig. 6). It can be most 
simply measured by a single tube venous clotting time sensitized with heparin 
and ealls for immediate reduction of heparin dosage. An analysis of post- 
operative hemorrhages following heparin therapy** shows that they occur in 
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Fig. 6.—The response of the sensitized clotting time to the stress of operation. The peak 
of the mean curve is on the third postoperative day. (From de Takats and Marshall, SURGERY 


31: 13, 1952.) 


this second phase of defense, when heparin is added to the natural anticoagu- 
lant mechanism of the body. This second phase may last from days to weeks. 
Two weeks of anticoagulant therapy with heparin is usually sufficient to 
terminate the acute disease; it is by no means sufficient in an inadequately 
treated or previously untreated patient who is in the stage of chronic, recur- 
rent thromboembolic disease. Such a patient may not show any laboratory 
data to suggest an increased clotting tendency; sensitized clotting time, pro- 

















DE TAKATS Surger 


994 nay 
thrombin level, and prothrombin consumption tests are within normal limits 
Such a patient is analogous to the diabetic patient with a normal fasting blood 
sugar who exhibits an abnormal sugar-tolerance curve after ingestion of carbo 
hydrate. In looking around for a simple, easily reproducible stressor of th: 
clotting mechanism, we have tried several agents. Ten years ago, | describe: 
the heparin tolerance which consists of the response of the clotting time to : 
small dose of heparin'*; this was later so modified that only two clotting times 
were determined, one before, and one ten minutes after, administration of 1! 
mg. of intravenous heparin.’ Later, we used an in vitro test by placing | 
of heparin in the test tube in which a Lee-White coagulation time was deter 
mined.’ More recently, we have applied epinephrine and the ACTH test 0! 
Thorn by determining not only eosinophil response but the response of the 
sensitized clotting time (Figs. 2 and 3), and this I regard a true tolerance 
test of the clotting mechanism since it places this system under pressure and 
measures the effect of such a strain on the clotting time. In the chronic recur- 
rent phase of thromboembolic disease, the ACTH test shows a markedly ab- 
normal response. Instead of a normal rise of the clotting time, no response, 
or a fall, or a rise followed by a fall, a type of withdrawal symptom, may be 
observed.* Most interestingly, three days of anticoagulant therapy may evoke 
a better response in a previously poorly responding patient (Fig. 7). The sig- 
nificance of this finding may be utilized in a short preoperative prophylaxis 
with heparin (Fig. 8). 

Every surgeon is familiar with a terminal malignant phase of thrombo- 
embolie disease, in which no amount of anticoagulant therapy is of any avail. 
Such patients are overwhelmed with thromboplastie substances with which 
they are unable to cope. 
CASE 4 (No. 22687, St. Luke’s Hospital).—A. H., a 59-year-old, thin, highly nervous 
woman, entered the hospital in February, 1952. In 1950 she fractured the right hip fol- 
lowing which she developed a swelling of the right lower extremity; not long after, a 
swelling of the abdomen developed. In December, 1951, and January, 1952, bumps de- 
veloped repeatedly in both lower and both upper extremities. After some delay she en- 
tered the hospital, mainly to find, if possible, the cause of multiple areas of phlebitis. 
Both cubital and both saphenous veins were phlebitic, and a vague mass was palpable in 
the lower abdomen, mostly to the left. In February, 1952, a large left ovarian cyst was 
removed by Dr. Eugene Edwards which, on histologic section, proved to be a papillary 
earcinoma of the ovary. The vena cava was carefully explored but was not ligated be- 
cause it showed lack of infammatory reaction around it. Postoperatively, the patient 
was placed on anticoagulants and received deep x-ray therapy for thirty days, which 
caused considerable nausea and vomiting. 

The clotting mechanism was studied from various angles. Daily sensitized clotting 
times showed little postoperative fluctuation, but were within normal limits. Twenty-five 
milligrams of ACTH caused no rise, but produced instead a slight drop, in the sensitized 
clotting times. Five hundred milligrams of treburon, a heparin substitute, given for three 
days could not alter this response. Finally, 1,000 mg. of treburon for three days produced 
a normal response, indicating a marked resistance to anticoagulants (Fig. 7, Case 5). 
However, on discontinuing the anticoagulant, the response to ACTH was again poor. 


*As described in a recent report, Fahey (Proc. Soc. Exper. Biol. & Med. 22: 491, 1951) 
found no significant alteration of the clotting time after ACTH using a five-tube coagulation 
time. This does not correspond with our experience (de Takats and Voigt, Angiology 4: 283, 


1953). 
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This patient’s unexplained multiple phlebitis led to the discovery of an 
ovarian malignaney. This was missed by several examiners, including those 
at a large clinic. The patient exhibited a marked and continuous heparin- 
resistance for which large doses of a heparinlike substance were necessary. 
The leg edema remained permanent, but the attacks of phlebitis have not re- 
curred up to this writing (one year). 
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Fig. 7.—The influence of short “loading” anticoagulant doses on the ACTH response. “A 
heparin substitute (treburon) was used for this purpose. In the second and third patients, 
the ACTH response was unimproved. They did not receive enough anticoagulants. Cases 
1, 4, and 5 showed a normal response after an initial poor response. In Case 6, the normal 
response was restored by thyroid medication (de Takats and Voigt, Angiology 4: 283, 1953). 


In the malignant phase, ordinary methods of anticoagulant therapy by 
intermittent intravenous, intramuscular, or subeutaneous routes are of little 
avail. Possibly, this is the field for the continuous intravenous drip with 
heparin, but the customary daily doses of 300 to 500 mg. are surely inadequate. 

These, then, are the syndromes which require anticoagulant therapy. 
We can now diseuss the available anticoagulants and their methods of admin- 
istration. 

THE ANTICOAGULANTS 

Heparin.—The cost of heparin is still a potent deterrent, but this is gradu- 
ally decreasing. Drug sensitivity does exist, and | reported such cases in our 
early experience.'® Not only do such patients exhibit flushing of the face, 
dyspnea and bronchospasm, but the clotting time is markedly prolonged. Such 
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sensitivity reaction may be avoided by using a 10 mg. test dose on every pa 
tient who is to be heparinized. This drug sensitivity is not so uncommon as 
most investigators believe. It occurred in 8 per cent of 256 patients.” 
Heparin, as we have pointed out elsewhere, is not only an anticoagulant ; 
it has an antiphlogistic and an antihyaluronidase effect*® and it is often a caus: 
of eosinophilia.? It may influence antigen-antibody reactions. When clotting 
curves are plotted together with eosinophil counts, it will be noted that th 


latter often rise together with the anticoagulant effect, although possibly in- 
As Kark and his associates have shown at our 


dependently from it (Fig. 9). 

institution,’® heparin counteracts the eosinopenie efiect of cortisone in vitro 
and thus spares the eosinophils. Its beneficial effect in gout has recently been 
reported.’? Heparin also has an effect on serum lipoproteins and has been ad- 


vocated for the treatment of coronary atherosclerosis.’* 
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Fig. 8. 
Fig. 8.—Postoperative clotting curves of patients who have received heparin preoperatively 








PRE-OP ACTH Test! 2 3 


for three days. 
Fig. 9.—Correlation of preoperative ACTH test and postoperative clotting response. 


The intermittent intravenous administration of heparin has been an ex- 
cellent method in our hands, and the commercially available 1 per cent solu- 
tion can be given slowly, undiluted in 100 to 150 mg. single doses. Fifty per 
cent heparin in aqueous solution, mixed with 1 ¢.e. of 1 per cent procaine is 
an ideal way to give 250 to 500 mg. of heparin subcutaneously in small volume. 
It is unfortunately not marketed; however, 10 per cent aqueous solutions are 





Volume 34 ANTICOAGULANT THERAPY 997 
Number 6 


readily available. We prefer it to heparin in retarding medium of gelatin and 
dextrose, after having extensively studied such a preparation,’® which is pain- 
ful, viscous, and not tolerated as well as the aqueous solution. If it were 
certain that the evenly elevated, plateau-shaped clotting times which follow 
the administration of Depo-Heparin are preferable to the spiked curves of the 
aqueous heparin, then heparin in retarded medium would be more advisable 
(Fig. 10). It is not all clear at the moment, however, that what is needed is 
the filling up of heparin stores rather than a certain arbitrary level of elevated 
clotting time. 
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Fig. 10.—Serial determinations of clotting times obtained after Depo-Heparin. Each 
line represents an average of ten patients studied. The solution containing 400 mg. of heparin 
with vasoconstrictors (Line 4) showed a plateau-type of response from thirty to thirty-six 
hours. (From de Takats, J.A.M.A. 142: 527, 1950.) . 

Heparin substitutes, namely, Paritol, thrombocid, and treburon, have been 
available for clinical investigation for some time. Of these we have not in- 
vestigated Paritol,?° a polysulfurie ester prepared by the sulfation of alginic 
acid. The side reactions of this drug are so severe that its clinical use has 
little justification, all the more since the amount of Paritol sufficient to ob- 
tain an anticoagulant effect is thirteen times that of heparin. The side re- 
actions consist of nausea, vomiting, abdominal cramps, and oceasionally a 
fall in blood pressure. Link** has pointed out that sulfuric acid esters of carbo- 
hydrates tend to produce clumping of platelets resulting in platelet thrombi 
in organs such as liver, lungs, and kidneys. The thrombocytopenia occurs 
within thirty minutes after intravenous injection, and in the case of chitin 
disulfurie acid, 1 mg. given intravenously produces a fall of 10,000 thrombo- 
eytes per cubic centimeter of blood.** Because of this experience, primarily 
emphasized by Astrup and his associates,”* we approached two other sulfurated 
polysulfurides, namely, thrombocid and treburon, rather gingerly. With the 
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former, studied experimentally with Dr. Last and clinically at the hospital 
we obtained good effects in individual tolerance curves in doses which wer 
three times as large as heparin. This meant that in the average hospital pa 
tient, weighing about 150 pounds, 450 mg. of thrombocid was needed fo: 
prophylactic, and at least 900 mg. of the drug for therapeutic, purposes. Ther 

vas then too much bulk (3 to 6 ¢.c. of the 5 per cent solution three times a 
day) to be injected. Also, the solution was very acid and burned considerably. 
While these drawbacks could have been readily corrected, most importantly, 
after repeated doses, decrease in platelet count and alopecia oceurred, for 
which reason our group abandoned its use.** The third synthetic prepara- 
tion, treburon, was given an extensive trial mainly in the form of intramuscu- 
lar injections; there were no side effects on single intravenous doses. Again, 
the clotting time raising effect was three times that of heparin. When it was 
given in daily therapeutic doses to patients suffering from thromboembolic 
disease, a satisfactory effect was produced. However, in four of five patients 
receiving more than a total of 2 Gm. of the drug, a massive alopecia occurred 
two to three months after the drug was discontinued. Platelet counts of these 
patients, taken during the administration of the drug, were at the lower levels 
of normal (150 to 200,000 platelets per cubie millimeter of blood). 

There is also the temptation to study these interesting drugs in regard 
to their anticortisone effect. All synthetic heparinlike substances, including 
heparin, produce eosinophilia, but this effect may have nothing to do with 
their anticoagulant property. Heparin itself has platelet clumping properties 
as studied by Copley,?> and there is one well-documented case of alopecia 
following heparin, published by Merz.'' Because of many hundreds of pa- 
tients who have received heparin in our ¢linie without exhibiting alopecia, it 
is reasonable to believe that this is due to some impurity in heparin which is 
not contained in some preparations.*° We have coneluded, then, that no ade- 
quate substitute of heparin has yet been synthetized, but that there is good 
hope that, if the radical containing the platelet-clumping property ean be elim- 
inated, an inexpensive intravenous and intramuscular administration of such a 
drug may well be feasible. 


PROTHROMBIN-DEPRESSANTS 


These substances act by inhibiting the formation of prothrombin in the 
liver. Following the extensive use of Link’s ingeniously discovered substance, 
Dieumarol,?* a number of later substitutes, namely, tromexan, Cyverine, and 
phenylindanedione, have been marketed. Of these drugs, phenylindanedione 
(PID) is a prothrombinopenie agent although not a coumarin. The decrease 
in prothrombin level occurs as early as twelve hours after oral intake of 10 
to 20 mg. per kilogram of body weight, and return to normal is reached in 
ninety-six hours. It is the V factor of Owren which seems to be depressed by the 
drug, again an example of an anticoagulant which does not affect the third 
phase of clotting, that is, the transformation of thrombin to fibrin. 

The advantages and disadvantages of these substances have been dis 
cussed elsewhere,'* and I hasten to say that it is not unfamiliarity with these 
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compounds which makes one so hesitant to use them, but the conviction that 
they do not affect the total clotting mechanism and that in their present usage 
throughout the country the balance is more against them than in their favor. 
In the first place, their oral use and their inexpensiveness make them especially 
dangerous. They may be and are being taken for prolonged periods, in some 
instances for as long as two years. The present laboratory control is obtained 
by single-stage or two-stage prothrombin determinations, and the best thought 
today is that these determinations really do not measure prothrombin levels but 
are, at best, accelerated clotting times. As a matter of fact, both the heparin- 
sensitized clotting time and the clotting time in lusteroid or siliconated tubes 
show a definite response to the coumarins (Fig. 11) and, although a systematic 
and rather expensive organized effort has been made to teach prothrombin de- 
terminations to laboratory technicians throughout the country,* there is a 
serious question in the minds of many workers as to what the significance of 
the single-stage prothrombin time is and how well it controls the action of 
the coumarins. Aside from the shakiness of the laboratory control, the ques- 
tion arises as to whether depressing the prothrombin level to 20 per cent of 
normal is actually an adequate safeguard. There is clinical evidence to show 
that with a 20 per cent prothrombin level, hemorrhage can oceur.** These lab- 
oratory data came from leading clinical laboratories of the country. The 
argument then is not so much against these prothrombin-depressant drugs as 
against their present laboratory control. If heparinized or siliconated test 
tubes were readily and commercially available, the action of these prothrom- 
bin-depressant drugs would be more simply controlled. 

Perhaps the greatest argument against the coumarin series is that small 
doses seem to inerease the clotting tendeney, possibly through increased fibrino- 
gen levels.2? Thus, in a previously published graph (Fig. 12), one notes that 
with a slow fall of the prothrombin level an initial shortening of the clotting 
time occurs. Since many internists are in favor of so-called ‘‘cautious’’ doses, 
it is indeed possible that the prolonged use of small doses of dicumarol may in- 
crease the tendency to blood clotting. This thought has also been expressed 
in regard to heparin; we ourselves have observed a rebound-phenomenon to 
exist.'14 Again and again one sees patients who develop a thromboembolic 
episode after the anticoagulant has been stopped. The interpretation of this 
finding has been that the drug has been stopped too early. However, it may 
well be that the balance of the clotting equilibrium which has been shifted 
over to the anticoagulant side has now been permitted to swing to the co- 
agulant side. Very little factual knowledge exists about these phenomena, 
but a kinetie concept as expressed by Garrott Allen*® in his ‘‘hemostatie 
homeostasis’’ should deserve much consideration. 


PURIFIED TRYPSIN 


As a result of a report of Innerfield and his associates*'t experimental 
material was obtained for elinieal trial and given in doses of 100,000 to 150,000 


*American Heart Association cooperating with the Public Health Service. 
+Courtesy of Dr. Marvin Zyporin, The Armour Laboratories, Chicago, IIl. 
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U. dissolved in 500 ¢.c. of physiologic saline solution once or twice a day by slow 
intravenous drip. Because of the frequency of chills, pain, and thrombosis 
at the site of the injection, only a few clinical observations were made. There 
was no detectable change in the sensitized clotting times. The serum globulin 
seemed to drop, but not the serum albumin. Sodium diuresis occurs after 
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Fig. 11.—Effect of a single dose of coumarin on prothrombin activity and sensitized clot- 
ting time (4 y per cubic centimeter). Note the almost mirror image of the two curves. The 
clotting curve reaches its peak one day sooner and its downward slope is more gradual. 


(From de Takats, Angiology 1: 317, 1950.) 


initial conservation. The clinical response seemed no different from that ob- 
tained many years ago by the injection of triple typhoid vaccine in small sub- 
reactionary doses.*? The degradation products of proteins, particularly those 
of fibrin, may well give rise to a series of hormonal or enzymatic reactions, but 
at present there is no justification for continued clinical use of this product 
which meanwhile deprives the patient from receiving heparin. 


THE CONTROL OF HEMORRHAGE DURING ANTICOAGULANT THERAPY 


Heparin and Substitutes—Hemorrhage as a result of heparin administra- 
tion is of two types. The one is due to overdose and can be readily controlled 
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by protamine or toluidine blue. The protamine effect lasts about four hours, 
a 1.5 to 1 ratio being entirely suppressive of heparin action, 10 mg. (10 e.c.) 
being the usual dose; toluidine blue has a much longer action and stops bleed- 
ing in any state in which an increase of heparinoid substances is demonstrable 
by protamine titration. Toluidine blue is given in doses of 2 mg. per kilogram 
of body weight intravenously over a period of two hours in 500 ¢.c. of physiologic 
saline soiv‘ion. While this dye is hemolytic in normal dogs, no such reactions 
have been encountered in man. Uncontrolled hemorrhage from heparin, or 
UKE'S HOS PITAL 
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Fig. 12.—Simultaneous prothrombin levels and sensitized clotting time curves in a patient 
who developed pulmonary embolism at bed rest. Note that the prothrombin levels drop very 
slowly because of ‘cautious’ dosage and that the clotting times shorten at first. Actually 
the therapeutic levels were not reached according to clotting times until the thirteenth day, 
and according to prothrombin levels on the ninth day. The pattern of this graph may be 


interpreted as resulting from the stimulating effect of small doses of Dicumarol on fibrinogen 
production in the liver. (From de Takats, Angiology 1: 317, 1950.) 


hemorrhage controlled after too much delay, produces a second hemorrhagic 
state which is not now neutralized by protamine sulfate or toluidine blue. 
This situation may also occur after overdosage with Dicumarol, and it is due 
to the excessive hemorrhage per se producing a shocklike state in which 
fibrinolysin appears.** Blood transfusions, which are of course our best stand- 
by in any type of hemorrhage, may increase hemorrhage if not very carefully 
cross-matched.** 

Coumarin and Other Prothrombin Depressants—Hemorrhage from Dicu- 
marol is treated by oral and intravenous doses of vitamin K,. One hundred 
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milligrams intravenously brings the prothrombin level back to a safe range 
in about four hours. A recent intravenous preparation of emulsified K, is 
highly efficient. In addition, blood stored for not more than a few days is : 
potent source of prothrombin for the prothrombin-depleted patient. In the 
ease of phenylindanedione, the oily suspension of K, is active. The sudden 
return of the prothrombin-range to safe levels either by vitamin K, prepara- 
tions or by blood transfusion may bring on another thromboembolic episode. 
Such a case was published by Fowler and myself early in our experience with 
Diecumarol.** 
DISCUSSION 

This brief survey is not intended to be a summary of the literature on 
anticoagulants. It is simply based on personal observation of a small number 
of patients serially studied. This method of approach has been decried by 
those who do not believe in any valid conelusions unless they are based on 
about 1,000 statistically analyzed cases. Such data, however, may be so handi- 
capped by faulty observations and nonrecognition of significant variables that 
even the most skilled statistician may come to the wrong conclusions. After 
all, the basis of his mathematic formulae is still the observation of the indi- 
vidual patient and not the ‘‘average behavior of the case.’’ For this reason 
the present type of study is focused on the recognition of different phases of 
thromboembolie disease by simple clinical means and the administration of 
heparin, our best anticoagulant to date, in sufficient doses with proper timing. 
I have not discussed the place of proximal vein-ligation in the treatment of 
thromboembolic disease because our attitude has not changed since our initial 
publication on the subject.** Superficial femoral vein ligation or ligation of 
the vena cava is practiced (1) when the patient cannot be given any heparin, 
and (2) when, in spite of adequate heparin dosage, thromboembolic phe- 
nomena continue. It might be well, however, to qualify these two indications. 
-atients cannot be given heparin if they have a large mucosal defect in the 
gastrointestinal or genitourinary tract, and in such eases it is better to give no 
heparin than to give a little heparin. A little heparin, as pointed out by 
Jorpes" and by Merz,'' may do more harm than good. Also, patients with 
hemorrhagic diseases, notably thrombocytopenia, do not tolerate heparin with- 
out intractable hemorrhage. 

Regarding the recalcitrant case of the patient who continues to throw 
emboli during anticoagulant therapy, many times this situation is iatrogenic. 
The patient did not receive enough heparin, or he was started on Dicumarol 
which was cut so as to keep the prothrombin level at a “safe” range. It 
should be remembered that it is far easier to perform a vena cava ligation than 
to straighten out a patient’s badly deranged clotting mechanism. Never- 
theless, as a lifesaving measure, to prevent fatal pulmonary embolism, vena 
‘ava ligation has a definite place. During the last ten years it has been per- 
formed twelve times while treating 235 patients with severe recurrent throm- 
boembolie disease extending above Poupart’s ligament. 
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SUMMARY 


Three phases of thromboembolic disease are recognized. In the first, acute 
phase, characterized by local symptoms and a general reaction of the body to 
a stressor stimulus, large doses of heparin are recommended. For the second 
phase, the body’s own defense mechanism is beginning to work, and heparin- 
dosage has to be sharply cut or otherwise hemorrhage may oceur. If properly 
treated, this phase then leads to a third phase of recovery in about two weeks. 
If not treated or insufficiently treated, a phase of delayed convalescence or 
‘‘failed’’ convalescence appears, leading to chroni¢ recurrent thromboembolic 
disease. If this is not arrested or if overwhelming thromboplastie substances 
are being continuously formed as occur in some cases of carcinomatosis, a 
terminal malignant phase supervenes which corresponds to a total exhaustion 
of the clotting mechanism. Heparin is still regarded as the best anticoagu- 
lant; its adequate use by surgeons should be studied as carefully as a tech- 
nique of vena cava ligation or thrombectomy. 
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NEURYSM of the aorta has long been recognized as a grave disease pro- 
ducing in most instances disabling symptoms and ultimately death by 
rupture and hemorrhage. The fact that in patients with aneurysm of the 
thoracic aorta the expected survival period is relatively short is not fully 
appreciated. From an analysis of a series of 1,113 patients with saccular 
aneurysm of the thoracic aorta, Kampmeier*® concluded that the average ex- 
pected duration of life after the onset of symptoms was six to eight months, 
varying somewhat with the level of involvement. Admittedly, an oceasional 
striking exception will occur as exemplified by Kampmeier’s report of two 
patients surviving fourteen and fifteen years, respectively. In contrast to 
the syphilitic origin of most aneurysms of the thoracic aorta, those involving 
the abdominal aorta are most commonly arteriosclerotie in origin and affect 
males usually of advanced years. Estes”° estimated that only 10 per cent of 
patients with abdominal aneurysm aged 65 years will survive eight years, 
whereas 65 per cent of normal persons of this age have a life expectancy of 
this duration. He also observed that 33 per cent of the patients with arterio- 
sclerotic aneurysm of the aorta will die within one year, in the majority of 
instances from rupture. Thus, it appears that although the prognosis of ar- 
teriosclerotic aneurysm of the abdominal aorta is somewhat less serious than 
that of arteriosclerotic aneurysm of the thoracic aorta, the prognosis in all 
aneurysms of the aorta is sufficiently poor to demand prompt and definitive 
treatment. 

The development of an effective method for the surgical management of 
aortic aneurysms has been actively pursued for nearly one century. In gen- 
eral these efforts have been directed toward obliteration of the aneurysm by 
attempting to promote thrombosis within the sae by ligation, introduction 
of foreign material, or stimulation of periarterial fibrosis, but without notable 
success. 

Ligation of the parent artery is one of the oldest forms of treatment, and 
has been used primarily for aneurysms involving the peripheral arteries. Ap- 
plication of the ligature proximal to the aneurysm as described by Anel,? in 
1710, has not been satisfactory for lesions of the aorta. Failure has resulted 
from ischemic changes distal to the ligature and from secondary hemorrhage 
produced by gradual erosion by the ligature. Attempts to overcome these 
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difficulties by use of metal or aluminum bands were unsuccessful.** *° Grad 
ual occlusion by repeated operations, special clamps, elastic band compression 
or fibrogenie agents have likewise not been satisfactory. Staged procedures 
designed to allow time for development of collateral circulation to the dista! 
parts have been unsuccessful with few exceptions. The discouraging results 
of partial or complete ligation of the aorta for aneurysm have recently been 
eompiled by Croot,’t who found that all of the twenty-one cases recorded 
prior to 1918 terminated fatally and that the aneurysm could be considered 
cured in only four of twenty cases reported since that time. 

Application of the ligature distal to the aneurysm as described by Bras- 
dor,’® in 1798, or both proximal and distal to the lesion, known as Pasquin’s 
operation,® has also not proved satisfactory. Whereas in vessels smaller than 
the aorta complete occlusion may be tolerated if collateral circulation is suf- 
ficiently developed, acute occlusion of the aorta, particularly above the ab- 
dominal visceral branches, is almost certain to result in failure. For aneu- 
rysms of the major tributaries of the aortic arch, Guinard,*?* on the basis of 
the Brasdor principle, advocated ligating the carotid and subelavian arteries 
in the neck distal to the lesion. Perhaps combined with other measures such 
as intrasaeeular wiring or fibrogenic agents this technique may have some 
usefulness. Subsequent revascularization of the lesion is always a threat that 
is further enhanced if infection supervenes because of the likelihood of sec- 
ondary hemorrhage. In addition to the attempts to ligate the parent vessel 
itself, the proximal ligation principle has also been applied to the neck of sac- 
ciform aneurysms of the aorta with equally poor results, because of the con- 
sequent ischemic changes that oecur in the distal portion of the sae. 

Introduction “of, various foreign materials constitutes another method 
which has long = Reena to promote thrombosis and obliteration of the 
aneurysm, Among ‘the different materials used, various metals in the form 
of wire or springs have been most commonly employed for this purpose. The 
most popular application of this method has consisted of the insertion of 
various lengths of wire into the aneurysm as originally advocated by Moore,* 
in 1864. Corradi,’* in 1879, added to this method the passage through the wire 
of a galvanie current. Since then this method has been revived and modified 
from time to time in an effort to achieve satisfactory results. In recent years 
Blakemore,* ° who modified the procedure to provide a more accurate means 
of applying the electrothermie principle, and Linton** have reported encourag- 
ing results with this method, but its curative value remains limited. 

Fibrogenic materials applied around the aneurysm and parent vessel have 
also been advocated and used to provide reinforcement and gradual constric- 
tion. Based on Page’s** original observation of the irritating properties of 
cellophane wrapped around the kidneys of dogs to produce experimental 
hypertension and its experimental use by Pearse*® to produce gradual ocelu- 
sion of large arteries, Harrison and Chandy** employed the method in the 


treatment of an aneurysm of the subclavian artery. With Yeager and 
Cowley’s® subsequent identification of dicetylphosphate as the fibrogenic 
agent, it beeame possible to select cellophane-polythene films having more con- 
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sistent fibroplastic response. This inethod has gained considerable popularity 
in recent years, and a number of observers have reported encouraging results 
following its use, particularly in the form of palliation. There is little evi- 
denee, however, to support the belief that this method has actual curative 
value. Thus, Abbott,' in his analysis of thirty-two patients with thoracic 
aneurysms treated in this manner, observed that life was not prolonged in 
any of the patients with advanced disease, the only beneficial result being 
relief of pain in about 40 per cent of the cases. 

For a number of reasons we believe that this method has limited value 
and under certain circumstances may be harmful. For one thing, it is usually 
not possible to surround the aneurysm completely and thus provide reinforee- 
ment of all parts of the aneurysm, especially the weakest points usually ad- 
herent to adjacent structure. This is especially true of aneurysms that are 
expanding and eroding bone and other structures. For another, the gradual 
and delayed production of fibrosis by this method may not occur sufficiently 
soon to prevent rupture of the aneurysm. Still another, and perhaps the most 
important, unfavorable effect of this method is its tendency to devitalize the 
sac. In mobilizing the aneurysm to apply the cellophane-polythene film, the 
major blood supply to the sae arising from the surrounding structures is in- 
terrupted. The application of the film then serves as a permanent barrier to 
the process of revascularization. The sae wall then lies between a degenerat- 
ing and liquefying laminated thrombus and the inert film. Thus, although 
fibroplasia may take place outside the film, the tendency for the devaseularized 
wall of the aneurysm to rupture is enhaneed. 

That these are not entirely theoretical considerations is evident from 
recent observations on five cases of aneurysms of the abdominal aorta pre- 
viously treated by cellophane wrapping and subsequently resected.'* The 
interval between the cellophane wrapping procedure and subsequent resection 
of the aneurysm was forty-one months, twenty-three months, thirteen months, 
nine months, and eight months, respectively, in these five eases. This is certainly 
adequate time for the production of an appreciable degree of fibrosis. Yet the 
perianeurysmal fibroplastic reaction was both grossly and histologically insuf- 
ficient to provide significant reinforcement. This is shown by the fact that 
the patients’ symptoms continued and the aneurysms progressively enlarged. 
It was also evident from the histologic studies of the aneurysmal wall that the 
degree of surrounding fibroplasia is insignificant. It is possible that some of 
the disadvantages of the cellophane-polythene film may be avoided by the 
application of the fibrogenic agent, dicetylphosphate, in the form of an in- 
jectable suspension as advocated by Berman and his associates.* 

Endoaneurysmorrhaphy was originally described by Matas,” in 1888, and 
subsequently developed as an obliterative, restorative, and reconstructive pro- 
cedure.*® Based on the principle of intrasaccular suture it provided a num- 
ber of advantages over previous methods by achieving obliteration of the sac 
without injury to adjacent structures, particularly collateral vessels. This 
method eonstituted one of the most important landmarks in the surgical treat- 
inent of aneurysm, and for over one-half century it has enjoyed wide use- 
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fulness, particularly in the treatment of aneurysms involving peripheral ves- 
sels. In aneurysms of the aorta, however, the procedure has limited applica- 
tion. This is illustrated by the fact that the method has only rarely been em- 
ployed in such aneurysms.° 

Excision of the aneurysm appears to offer the most effective method of 
surgical treatment. The fact that extirpation has been attempted so infre- 
quently in the past is perhaps due to a number of technical difficulties making 
the procedure hazardous. In this regard the experience of Tuffier,*® in 1902, 
is particularly noteworthy. At operation in a patient with a saccular aneu- 
rysm of the ascending aorta, Tuffier succeeded in encircling the relatively 
narrow neck of the lesion with two catgut ligatures, thus occluding the inflow 
and partially emptying the sac. He apparently considered excising the sae 
at the time, but because he thought the presence of the sac would prevent slip- 
page of the ligature and possibly limit hemorrhage if this occurred, he de- 
cided not to remove the sac. Gangrene of the sae led to infection and see- 
ondary hemorrhage, and the patient died thirteen days later. Tuffier’s next 
attempt was made in 1909 but, unfortunately, during the dissection the 
aneurysm was inadvertently entered, and although the patient survived the 
operation, he died two days later.*t Since that time few cases of extirpation 
of aneurysms of the aorta or its major branches have been recorded. 

Recently we collected from the literature all of the cases of aneurysms of 
the thoracic aorta and its major branches treated by excision.’* These could 
be conveniently divided into two groups depending on whether or not there 
was an associated coarctation of the aorta. In cases with coarctation, the 
aneurysm typically appears distal to the constriction and is probably related in 
some manner to the factors producing poststenotic dilatation in such vascu- 
lar anomalies, Excision of aneurysms of this type involves less surgical risk 
to the patient because of the reduced intraluminal pressure and the presence 
of well-developed collateral vessels supplying the lower half of the body if 
occlusion of the aorta is necessary. Alexander and Byron,’ in 1944, reported 
the suecessful removal of such a lesion but did not attempt restoration of 
aortic continuity as was done by Shumacker.** Using an aortic homograft, 
Swan*®® bridged the defect remaining after a similar excision, and more re- 
cently, Gross*! reported five such cases. We were able to find only three suc- 
cessful cases of excision of aneurysms involving a portion of the thoracie aorta 
and not associated with coarctation. Ochsner** described a case in September, 
1945, in which a suspected neurogenic tumor of the mediastinum proved at 
thoracotomy to be a saccular aneurysm of the aorta. The neck of the aneu- 
rysm was clamped, the sae excised, and the resultant aortic defect was su- 
tured. The patient subsequently recovered uneventfully. A somewhat similar 
case was reported several years later by Monod,** who excised an aneurysm 
of the aorta distal to the left subclavian artery and then sutured the defect. 
Another ease of this type has also recently been reported by Woods and Ken- 
ney,*? who, instead of excising the aneurysms and because it was considered 
the safer procedure, obliterated the aneurysm by infolding and tamponading 
the sae against the approximated edges of the defect. Blakemore’ referred 
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to another case of an aneurysm of the innominate artery which involved the 
origin of that vessel, and although the precise nature of the findings and pro- 


cedure were not clear, it appears that he excised the lesion and sutured the 
aortic defect. 


Fig. 1. Fig. 2. 


Fig. 1.—Roentgenogram of chest showing upper right mediastinal shadow representing 
aneurysm of innominate artery and adjacent aorta. 

Fig. 2.—Roentgenogram of chest of same patient as in Fig. 1 taken twenty-three months 
after excision of aneurysm and aortorrhaphy showing return to normal appearance. 


We reported on two patients in whom aneurysms of the thoracie aorta 
were removed by tangential occlusion of the neck of the sae and lateral 
aortorrhaphy, and advocated excision of aortic aneurysms whenever possible.” 
The first patient, a 46-year-old Negro man with a syphilitic aneurysm of the 
innominate artery and adjacent aorta, was operated upon July 12, 1951 (Fig. 
1). Approximately twenty-three months later there is no evidence of recur- 
rence of the thoracic lesion (Fig. 2), although nineteen months after the first 
operation another aneurysm of the abdominal aorta was excised and the defect 
bridged with an aortic homograft. In describing the operation in this pa- 
tient, we called attention to the leathery consistency of the aorta in syphilitic 
aortitis permitting satisfactory insertion of sutures and favorable conditions 
for subsequent healing. Our second patient, in whom a massive aneurysm of 
the ascending and transverse arch of the aorta was’ excised, died fourteen 
hours later of diffuse cerebral damage as a possible complication of anesthesia. 
Recently, in an admirable consideration of this problem, Bahnson‘ reported 
on eight patients with saccular aneurysms located in different regions of the 
torta, in six of whom excision and aortorrhaphy were successfully accom- 
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plished. On the basis of this experience he, like Tuffier*’ and us,'? conclude: 
that resection of saccular aneurysms is not only feasible but should be con 
sidered the procedure of choice in the majority of instances. 

The choice of method of excision will vary according to the type o 
lesion, particularly as to whether it is sacciform or fusiform. In the former 
instance, continuity of the aorta may be preserved by tangential excision of 
the sae and suturing the defect in the aorta. Under these circumstances th: 
aorta may not be involved in its entire circumference by the pathologic proc 
ess, and sufficient normal tissue may be available for satisfactory repair of the 
defect. When excision of the sae makes it necessary to sacrifice a major 
tributary of the aortic arch, particularly the carotid arteries, ischemic changes 
may oecur distal to the point of occlusion. Although restoration of continuity 
by arterial homograft may be desirable, this is seldom feasible, as evidenced 
by the fact that the recent case reported by Kirby and Johnson,?* in which 
this was done, represents to our knowledge the only one of its kind. Because 
there is often some interference with blood flow through the carotid artery 
arising from such an aneurysm due to partial thrombosis or distortion, c¢ol- 
lateral blood supply to the brain may be sufficiently well established to per- 
mit safe ligation of the carotid artery. A preoperative test of carotid ocelu- 
sion should always be made, although as shown by Kirby and Johnson this 
is not always a reliable index of adequate collateral blood flow. In their 
ease of saccular aneurysm of the innominate artery, the preoperative occlu- 
sion test of the right common carotid artery for forty minutes did not provide 
reliable evidence that the patient could tolerate innominate artery occlusion 
for the period of fifty-seven minutes required to perform resection and anas- 
tomosis, as the patient developed partial paralysis of the left arm and leg. 
Sinee the test was performed immediately preceding the operation, it is possible, 
as they indicated, that this may have contributed to the decreased tolerance to 
innominate occlusion, suggesting that a greater interval of time, perhaps sev- 
eral days, should oceur between the test and the operation. 

Kor fusiform aneurysms of the aorta the problem is somewhat different, 
in that removal of the lesion will necessitate resection of an entire segment of 
the vessel. Restoration of continuity of the aortic flow must then be obtained 
by bridging the defect with an arteriai homograft or a suitable plastic pros- 
thesis. Resection of segments of the aortic arch has not been successfully 
accomplished. Although by using temporary shunts Schafer** was able to 
resect a portion of the thoracic aorta, the patient died shortly after completion 
of the operation. Perfection of suitable shunts, perhaps combined with hypo- 
thermia and artificial heart-lung apparatus, may make this procedure feasible. 
In lesions of the descending thoracic aorta it is possible to occlude the aorta 
for a short period of time without producing ischemic changes in the spina! 
cord or kidneys. We have occluded the lower thoracic aorta in two eases for 
periods of twenty-two and fifty-eight minutes without evidence of cord or 
renal damage, and Bahnson‘ has had a similar experience. 

The technique of aneurysmectomy in sacciform aneurysms of the thoracic 
aorta consists primarily of careful mobilization of the neck of the aneurysm 
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in preparation for occlusion, following which a suitable clamp is applied to 
the neck of the lesion. The aneurysm is then completely mobilized from sur- 
rounding structures and excised, leaving a cuff of tissue in the clamp. The 
neck of the aneurysm may be sutured with a double row of interrupted 000 
black silk sutures using a proximal row of mattress sutures and distal row of 
figure-of-eight sutures over the ends of the cuff. On removing the clamp there 
is usually some bleeding from needle holes, but this ceases spontaneously. 
In other instances, particularly where the lesion arises distal to the left sub- 
elavian artery, it may be desirable to ocelude the aorta proximal and distal 
to the aneurysm for a short time as the aneurysm is excised and the aortie de- 


feet sutured by an open technique. 


A. B. 


Fig. 3.—(A) Anterior posterior and (8B) lateral roentgenograms of chest showing large 
slightly lobulated aneurysm of ascending aorta. 


Whereas the actual procedure of excision is fairly uniform in sacciform 
lesions of the thoracic aorta, the choice of approach must vary according to 
its exact location. For lesions involving the proximal aorta along the arch, 
an anterior thoracotomy incision perhaps provides the most satisfactory ex- 
posure, and additional exposure may be obtained by a midsternal extension 
cephalad or by crossing the sternum into the opposite pleural cavity. This 


may be illustrated by the method used in the case of an extensive syphilitic 
This 


aneurysm of the ascending aorta in a 60-year-old Negro man (Fig. 5). 
aneurysm was producing obstruction of the trachea, esophagus, and superior 
Adequate exposure of the 


vena eava, and the patient was in acute distress. 
aneurysm was obtained by a preliminary right anterior thoracotomy incision 
in the fourth intercostal space which was then extended as a median sternot- 
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omy (Fig. 4). The neck of the lesion was occluded with a nonecrushing clamp, 
and the sae was excised leaving a cuff of tissue for sutures. The defect was 
closed with interrupted mattress sutures of 000 black silk and figure-of-eight 
sutures over the cut edges of the aorta (Fig. 5). The patient’s obstructive 
symptoms were markedly relieved, and the roentgenogram (Fig. 6) of the 
chest ten days after operation showed striking a!teration in the mediastinal 
shadow. He was preparing to leave the hospital on the fifteenth day after 
operation when he died suddenly. Autopsy revealed a spontaneous aortic 
perforation just above the sinus of Valsalva producing fatal pericardial tam- 
ponade. The site of the previous aortorrhaphy was intact and healing satis- 
factory. 


ie oe 


Inneminate Vo Sternum 


Innorninate A. 


‘Aart orr haphy 


Fig. 4. Fig. 5. 
Fig. 4.—Drawing showing (a) operative approach employed for sacciform aneurysm of 


aorta in patient whose roentgenogram is shown in Fig. 3; (b) anatomic relationship of 
aneurysm and mobilization of neck for application of occluding clamp preliminary to excision. 


Fig. 5.—Drawing showing excision of aneurysm and aortorrhaphy in case referred to in 
Fig. 4. 


For lesions of the aortic arch we have employed an anterior thoracotomy 
incision initially entering the third or fourth intercostal space on the right 
or left side depending on the respective side of involvement. Additional ex- 
posure may then be obtained by extending the incision cephalad through the 
midline of the sternum or transsternally into the corresponding intercostal 
space on the opposite side. Lesions of the descending thoracic aorta are ex- 
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posed most satisfactorily by a standard posterolateral incision, removing an 
appropriate rib. This is illustrated by the operative procedure employed in 
a case of sacciform aneurysm of the descending thoracic aorta in a white man 
56 years of age (Fig. 7). Thoracotomy through the bed of the resected left 


Fig. 6.—Roentgenogram of chest of same patient as shown in Fig. 3 taken ten days after 
operation showing relative return to normal. 





Fig. 7.—Anterior posterior and lateral roentgenograms of chest showing round posterior 
mediastinal shadow representing sacciform aneurysm of descending thoracic aorta. 
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eighth rib provided excellent exposure for tangential excision and aortor 
rhaphy (Fig. 8). Unfortunately, this patient expired two months later fron 
a cerebrovascular accident, and autopsy revealed the aortic suture line to |» 


well healed. 
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Fig. 8.—Drawing showing operative technique employed in the excision of aneurysm in 
patient referred to in Fig. 1. (a) Operative approach by left posterolateral thoracotomy 
through bed of resected eighth rib. (b) Anatomic relationship of sacciform aneurysm. (¢c), 
(d), and (e) Mobilization of neck of aneurysm. (f) Application of occluding clamp to neck 
of sac. (g) Excision of aneurysm and repair of resultant defect by figure-of-eight sutures 
of 000 arterial silk placed in cuff distal to clamp. (h) Mattress sutures placed proximal to 
clamp. (i) Aortorrhaphy completed. 


Most aneurysms arising in the lower thoracic or abdominal aorta involve 
a considerable segment of the parent vessel. In the lower thoracie and upper 
abdominal portion of the aorta such aneurysms are often syphilitic in origin. 
Although they tend to be sacciform in type, they are usually quite large and 
incorporate so much of the aortic wall in the sae that no actual neck exists. 


Aneurysms arising in the lower abdominal aorta are usually arteriosclerotie in 
origin and fusiform in type so that the aorta throughout the length of the 
aneurysm constitutes an integral part of the sae. Only rarely would it be 
possible following excision of such aneurysms to repair the defect by lateral 
aortorrhaphy. The circumstances under which this might be done are illus- 
trated by a case recently described by Bahnson,* who successfully performed 
the procedure for a large sacciform aneurysm, probably of syphilitie origin, i 
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the upper abdominal aorta, immediately opposite the origin of most of the vis- 
ceral vessels of the aorta. This is obviously the logical procedure under these 
circumstances, since preservation of aortie continuity and normal blood flow 
in the region of these visceral vessels is essential. Most of the aneurysms en- 
countered in this region, however, arise below the origin of these visceral ves- 
sels, particularly the renal arteries, and only a small proportion will oeceur 
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Fig. 8 e-i. (For legend see opposite page.) 


immediately above them. Because of their characteristic extensive involve- 
ment of much of the aorta in the aneurysmal process, excision of the aneu- 
rysm necessitates creation of a defect in its continuity. This problem has been 
satisfactorily met by the use of aortic homografts to restore continuity of the 
aorta and normal blood flow. Evidence of the successful application of this 
procedure for aneurysms of the abdominal aorta has been recently provided 
hy the case reported by Dubost and his associates’? and that reported by 
Broek," and for aneurysms of the lower thoracic aorta by that reported by 
m.** . 

Descriptions of the technical procedure that has been found satisfactory 
in our experience have been presented elsewhere.'*'* and only the essential 
steps of the operation need consideration here, For aneurysms arising in the 
lower thoracie and upper abdominal aorta, adequate exposure may be obtained 
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by a left thoracoabdominal approach through the resected bed of the ninth o; 
tenth rib with radical division of the diaphragm and mobilization of the vis 
ceral structures anteriorly and to the right. The aorta proximal and dista! 
to the aneurysm is sufficiently mobilized and freed to permit the application 
of occluding clamps, following which the aneurysm and involved portion of 
the aorta between the clamps are excised. An aortic homograft of suitabl 
length is used to bridge the defect in the aorta. 

A midline abdominal approach is employed for aneurysms arising in the 
abdominal aorta below the renal arteries (Fig. 9). Exposure of the aneurysm 
is obtained by mobilizing the small intestine and its mesentery to the right 
and by linear division of the posterior peritoneal layer overlying the aneurysm 
along with the ligament of Treitz to permit mobilization of the duodenum to 
the right (Fig. 9). The aorta immediately above the aneurysm and below 
the renal vessels is then freed throughout its cireumference and encircled with 
umbilical tape. The iliac arteries below the aneurysm are similarly treated, 
following which the aneurysm is freed from its surrounding structures, care 
being taken to avoid injury to the vena cava. Occluding clamps are then ap- 
plied to the aorta above and the iliae arteries below, and the aneurysm is ex- 
cised. An aortic homograft including the bifurcation, if this has been re- 
sected, is used to restore continuity (Fig. 10). 

We have performed this procedure of resection of the aneurysm and in- 
volved aorta with replacement by aortic homografts in thirteen cases, in one 
of which the aneurysm was located in the lower thoracic aorta, in all the others 
arising below the renal arteries. In eleven of the cases the aneurysm was of 
arteriosclerotie origin, and in the other two it was probably syphilitic in 
origin, one occurring in the lower thoracic aorta and the other in the ab- 
dominal aorta. All but the latter two patients were over 60 years of age, and 
two were over 70 years. In all of the twelve cases in which the aneurysm oc- 
curred in the abdominal aorta it was fusiform in type, and in nine of these 
the aneurysm involved the bifurcation, necessitating its resection. In three 
of the latter the aneurysm had so extensively involved the internal iliae ar- 
teries that no distal portion remained for restoration of blood flow through 
them. In these eases the distal ends of aortic bifurcation homografts were 
anastomosed to the remaining external iliae arteries. 

The only death in this series occurred on the thirteenth postoperative day 
of progressive uremia and secondary hemorrhage in a 74-year-old woman. AIl- 
though the patient was recognized as a poor surgical risk because of severe im- 
pairment of renal and eardiae function, operation was advised and performed 
because of rapidly increasing symptoms and apparent imminence of rupture of 
the aneurysm. 

The postoperative course in all the other patients was uncomplicated. 
Particularly significant is the fact that none manifested any evidence of 
ischemie changes as a result of the temporary occlusion of the aorta during 
the period of resection and anastomosis. Actually, the impression was ob- 
tained that the peripheral circulation was appreciably improved following 
operation. This is a noteworthy observation for it provides evidence to sug- 
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gest that for aneurysm in this region there is little or no need to consider the 
use of a temporary by-pass for blood flow during the period of temporary 
aortic occlusion, which in our cases averaged about one hour with the longest 
time being one hour and forty-five minutes. 

Although this experience is relatively small and the follow-up period 
insufficient to provide final evaluation of the procedure, there is reason to be- 
lieve from the early gratifying results in these cases and from certain experi- 
mental and other clinical uses of aortic homografts that this method of therapy 
constitutes the most satisfactory approach to such aneurysms. 
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Fig. 10.—Drawing showing repair of defect by aortic homograft following removal of 
aneurysm in case referred to in Fig. 9. Because the aneurysm had destroyed internal iliac 
arteries, distal control of these vessels was obtained by endoaneurysmorrhaphy. 


SUMMARY 

1. Aneurysm of the aorta is a highly fatal disorder, emphasizing the need 
for prompt and definitive treatment. 

2. The various methods of surgical treatment of aneurysms of the aorta 
have been directed toward obliteration of the aneurysm by promotion of 
thrombosis within the sae by ligation, introduction of foreign material, or stim- 
ulation of periarterial fibrosis. None of these methods has proved satisfac- 
tory, and only rarely has any of them achieved a cure. 

3. Recent observations on patients with aneurysm of the abdominal aorta 
previously treated by cellophane wrapping and subsequently resected provide 
good reason to believe that this method not only has limited value but may even 
be harmful. 

4. Excision of the aneurysm with restoration of continuity is considered 
the procedure of choice and may be applied much more frequently than has 
been previously realized. This ean be accomplished in saeciform aneurysms 
of the thoracic aorta, usually syphilitic in origin, by tangential excision with 
lateral aortorrhaphy. 

). For aneurysms of the lower thoracic and particularly the abdominal 
aorta, most of which are fusiform and arteriosclerotie in origin, excision of 
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the aneurysm usually necessitates resection of a varying segment of the aorta. 
Under such cireumstances restoration of aortie continuity requires the use of 
aortic homografts. 

ADDENDUM 


Since the presentation was made, excision of aneurysms of the aorta with restoration of 
vascular continuity by aortic homograft has been performed in fourteen additional patients. 
In eleven of these cases, the aneurysm involved the abdominal aorta and necessitated removal 
of the bifurcation. Three deaths have occurred in this latter group, two of which occurred 
during the first few days after operation as a result of coronary thrombosis and the third of 
which occurred more than one month later, presumably from pelvic thrombosis. All other 
patients surviving the operation, including those in the original report, remain well. In three 
more instances of aneurysm involving the thoracic aorta, the lesion has been resected and the 
aortic segment replaced by a homograft. Two of these were associated with coarctation of the 
aorta, and the third was an extensive syphilitic aneurysm in which the defect after excision 
extended from the level of the left subclavian artery to a point just above the diaphragm. 
The patient developed moderate weakness in the legs after operation, but he now walks un- 
assisted and is otherwise asymptomatic. 

Recently lyophilized or freeze-dried aortic homografts have been used almost exclusively 
for aortic replacement. 
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RESECTION OF ANEURYSMS OF THE ABDOMINAL AORTA WITH 
ANASTOMOSIS OF THE SPLENIC TO THE LEFT ILIAC ARTERY 


NorMAN E. FREEMAN, M.D., AND FRANK H. LeEeps, M.D. 
(BY INVITATION), SAN FRANCISCO, CALIF. 


(From the Vascular Research Laboratory, Franklin Hospital, and the Department of Surgery, 
University of California Medical School) 


HE surgical treatment of aneurysms of the abdominal aorta was chiefly 

obliterative in character until the past decade. In 1940, Elkin,’ in his classic 
paper, reviewed all the cases previously reported since the first operation by 
Sir Astley Cooper in 1817 and reported his own case successfully treated by 
partial ligation. In his discussion he remarked that ‘‘it is improbable that wir- 
ing, coagulation or the application of the Matas principle of endo-aneurysmor- 
rhaphy could be carried out without any great hope of suecess.’’ During the 
past few years, advances in vascular surgery have permitted the treatment of 
aneurysms of the abdominal aorta to pass from the obliterative to the recon- 
structive or restorative stage. Prevention of further expansion by the applica- 
tion of cellophane,?* cutis graft,’ or external prosthetic devices* * has been one 
avenue of approach. Replacement of the segment of aorta by fresh or preserved 
aortic homografts'’?? has been another method of attack. Two years ago, we 
reported on the use of autogenous vein-inlay graft in the treatment of this con- 
dition. Follow-up study in two of these patients who recovered revealed the 
fact that thrombosis had taken place in one person. In the second ease. al- 
though the patient is still free from symptoms thirty months after operation, 
the follow-up aortogram revealed considerable dilatation of the vein within the 
aneurysmal sac. The end results in these cases suggested that some other way 
might be found of handling this problem of anuerysmal dilatation of the ab- 
dominal aorta. 

Arterial by-pass was first suggested for the treatment of arterial lesions by 
Blalock and Park.’ By anastomosis of the left subclavian artery to the aorta in 
dogs, they suggested a method of treatment which might be used successfully 
in patients with coarctation of the aorta. The procedure has been occasionally 
used’*-!* in this condition where end-to-end approximation of the aorta could 
not be effected due to the long zone of narrowing. The use of the splenie artery 
to by-pass a long coarctation of the lower thoracic aorta has been reported.'® 
An arterial shunt was also used by Lam and Aram’ to by-pass a large aneurysm 
of the descending aorta. 

In Mareh, 1952, an aortogram of a patient who had a large abdominal 
aneurysm demonstrated the presence of a dilated, tortuous splenic artery. The 
abdominal aneurysm had been present for five years and had shown no signs 
of rupturing, but one month before admission the patient had developed gan- 
erene of the left foot secondary to embolic occlusion of the posterior tibial artery. 


: Read at the seventh annual meeting of the Society for Vascular Surgery, New York, 
N. Y., May 31, 1953. 
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Since any obliterative procedure would probably have increased the ischemia of 
the left leg, it was decided to attempt to by-pass the aneurysm by anastomosis o! 
the splenic to the left iliae artery. The operative procedure has previously been 
reported.*° No attempt was made to excise the aneurysm, and collateral cireu- 
lation was depended on to maintain the circulation across the pelvis to the right 
leg. The technical details of the method of suturing the splenic artery at its 
bifurcation to the left common iliae artery are shown in Fig. 1. In the post 
operative period the circulation to the left leg improved with demarcation of 
the gangrenous process in the foot. The blood flow to the right leg appeared 
adequate. The patient, however, developed a subdiaphragmatic abscess, and 
finally the aneurysm ruptured at the point where the left iliac artery had been 
closed by a suture. A similar complication had taken place in the patient treated 
by Lam and Aram? when the aneurysm of the thoracic aorta had been left 
in place. Because of this catastrophe it was decided in the next case to resect 
the aneurysm after completion of the spleno-iliac anastomosis. This operation 
has been suecessfully performed in two eases. 


Cc a 


Fig. 1.—Method of anastomosis of splenic oeseee at its bifurcation to the left common iliac 
artery. 


CASE 1.—M. R., a 57-year-old white woman, was admitted to the Franklin Hospital on 
May 8, 1952, with the chief complaints of pain in the back, a tender, pulsating mass in the 


at 

epigastrium, and absence of pulsation of the femoral arteries. 
pain for three years. One year before admission x-ray pictures had demonstrated dilatation 
of the abdominal aorta, but at that time the femoral and ankle pulses were normally present. 
Blood pressure readings had been consistently in the region of 120 to 130 systolic. In 
May, 1952, the systolic blood pressure suddenly rose to 200, pulsations of the femoral arteries 
disappeared, and there was impairment of circulation in both legs. On admission a tender, 
pulsating mass 9 cm. in diameter was present to the left of the umbilicus. Aortography 
(see Fig. 2) demonstrated complete occlusion of the abdominal aorta below the celiac axis. 
The right femoral artery filled through collateral vessels. Although the renal arteries were 
not visualized, the kidneys were outlined by the Diodrast. The urine showed a 2+ albumin, 
but the specific gravity was 1.022. Since the patient was able to excrete the Diodrast quite 
well, it was considered that she had fairly good renal function. The splenic artery was well 
visualized and appeared to be moderately dilated and tortuous. 

Operation.—The patient underwent surgery on May 13, 1952. Under endotracheal 
anesthesia, a left thoracoabdominal incision was made through the eighth intercostal space. 
The abdominal incision was carried down as a left paramedian incision to the pubis; the 
diaphragm was divided along the line of the incision. The insertion of the left rectus was 
detached from the pubis, and the descending colon and sigmoid were reflected medially to 
expose the left iliac arteries and the terminal aorta. The left common iliac was found to 
be completely occluded by a firm thrombus; the tissues about the artery showed evidence of 


She had suffered from back 
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inflammation, indicating recent thrombosis. The aorta just above the bifurcation was the 
site of a fusiform aneurysm which measured 12 by 8 cm. Expansile pulsation was present, 
but the aneurysm felt solid with caleareous plaques in the wall; it was adherent to the sur- 
rounding structures. The spleen was removed after dividing the vessels at the hilus, and 
the splenic artery was dissected free to the celiac axis. The superior surface of the pancreas 
was divided over a short distance to expose the origin of the splenic artery; the aorta at 
the diaphragm was exposed and, by digital dissection, a large tube was passed about this 
structure. The celiac axis pulsated vigorously. Although pulsation was present in the 
superior mesenteric artery, it was faint, and the pressure was low. After the nerves and 
lymphatics at the root of the superior mesenteric artery were divided, the aorta was again 
exposed and surrounded by a second rubber tube just below the celiac axis. The left common 
iliac artery was then divided at its origin. By digital pressure it was possible to express the 
thrombus from the left common iliac artery together with an atheromatous plaque. Good 
back-bleeding was then obtained from both the internal and external iliac arteries. A 


Fig. 2.—Aortogram in Case 1 to illustrate obstruction of abdominal aorta below the celiac 
axis with filling of the right femoral artery through collaterals. (From Freeman and 


Leeds.”°) 


polyethylene tube was inserted into the left external iliac artery for the intra-arterial ad- 
The left common iliac artery was then 


ministration of 5 mg. per cent heparin solution. 
brought beneath the left ureter, and an end-to-end anastomosis with the splenic artery was 
performed using a continuous intima-everting mattress suture. The polyethylene tube was 
then inserted into the splenic artery through an 18 gauge needle, and a continuous intra- 
arterial injection of heparin solution was maintained for the rest of the operation. On re- 
lease of the occluding clamps, excellent pulsation took place in the common iliac artery below 
The left renal vein was then dissected free, its branches were 


the line of anastomosis. 
The renal vein was quite dark, 


divided, and the aorta was exposed just above the aneurysm. 
and the blood flow through this vessel appeared to be markedly reduced. There were three 
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renal arteries, and one of these was tortuous and pulsated vigorously. The largest on 
appeared to be solidly thrombosed. The right renal artery was never clearly visualized. The 
right common iliac artery was surrounded by a segment of rubber tubing and was foun 
to be occluded by a thrombus. It was divided and both ends were sutured. The tube about 
the aorta below the celiac axis was then used to occlude the abdominal aorta while th: 
aneurysm was resected. The duodenum was adherent to its anterior surface and had ti 
be freed up by sharp dissection. Posteriorly, the aneurysm was found to be densely adherent 
to the vertebral bodies. With a curette a small thrombus was removed from the orifice o 
the right renal artery. The lining of the aorta as far as the orifice of the superior 


mesenteric artery was removed with a curette; it was possible to visualize the orifices of the 
left renal arteries. The lumen was irrigated with heparin solution and the aorta closed 
below the renal arteries with three interrupted figure-of-eight stitches of double-60 cotton 
together with a running stitch of 00000 Deknatel. At the conclusion of the procedure, 
although the left kidney was still cyanotic, a fair blood flow was demonstrable in the left 
renal vein. Penrose drains were placed in the pelvis and below the diaphragm. The 
polyethylene tubing which had been inserted into the splenic artery was brought out through 
the abdominal wall for the intra-arterial injection of heparin solution. At the conclusion 
of the procedure, the left femoral puls* was present and circulation to the right leg appeared 


adequate. 


3.—Aneurysm of bifurcation of abdominal aorta which has been opened to demonstrate 
the old organized thrombus and the fresh clot. 


Pathologic Diagnosis.—Atherosclerotic aneurysm of abdominal aorta. When the 


aneurysm was opened (see Fig. 3) it was found to be occluded by a combination of old, 


partially organized thrombus with a fresher, nonorganized blood clot. 

Postoperative Course—The patient’s postoperative course was remarkably good for the 
first six days, although there was a leukocytosis of 28,000 with 96 per cent polymorphonuclear 
cells. When the polyethylene tube, which had been inserted into the splenic artery, was 
removed she developed a retroperitoneal hemorrhage. On exploration the bleeding was found 


to come from a perforation in the splenic artery where the polyethylene tube had been 
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inserted. This laceration was closed with a suture of 00000 Deknatel. Four days later 
profuse chylous drainage developed from the wound. Cultures showed a hemolytic Staphy- 
lococcus aureus sensitive only to bacitracin and Chloromycetin. With local instillation of 
bacitracin, the infection gradually became controlled. The chylous drainage ceased, and 
the patient was discharged from the hospital on the forty-fourth postoperative day. 

When examined eight months after operation, she was free from all abdominal and 
back pain and was able to walk as far as four blocks. Both femoral pulses were palpable, 
although weaker on the right side. The left dorsalis pedis was present. Oscillometry showed 
detectable pulsations at 80 mm. Hg on the right side. The excursion was % unit at 100 mm. 
on the left side. There was no blanching of the feet on elevation; pulsation of the splenic 
artery could be felt at the level of the umbilicus. 





Fig. 4.—Aortogram in Case 1 to show rupture of spleno-iliac anastomosis eleven months after 
operation. 


Subsequent Course—The patient was readmitted to the Franklin Hospital on April 
22, 1953, because of recurrence of pain in the left sacroiliac and gluteal regions, radiating 
down the left thigh, of two weeks’ duration. Examination revealed a tender, pulsating 
mass in the left side of the abdomen. The blood pressure was 230/110. A faint pulse eould 
be felt at each femoral area, but no pulses were palpable at the ankles. Oscillometry showed 
a %4 unit deflection at 60 mm. Hg on the right and 1% units of excursion at 80 mm. Hg 
on the left side. Reactive hyperemia test showed a filling of the vessels in the left foot at 
65 em. above the right auricle and at 60 cm. on the right side. Aortography (see Fig. 4) 
demonstrated a rupture of the spleno-iliaec anastomosis. Although there was good filling of 
the right renal artery, the left renal artery was not visualized. The left iliac artery filled 
by way of the splenic artery, but on the right side, as before the initial operation, the 
circulation was maintained through collaterals, 

Operation.—The patient underwent surgery on April 28. The splenic artery was 
readily exposed just below the ligament of Treitz. Although pulsation was present, the 





FREEMAN AND LEEDS Surger: 
December, 195 


1026 


pressure measured with a manometer was only 44 mm. Hg. A pulsating hematoma wa 
present behind the sigmoid flexure. After control of the component vessels, as shown i; 
Fig. 5, the left common iliac artery was opened at its bifurcation where it was found to b 
the site of aneurysmal dilatation. The splenic artery was opened just above the previous 


Fig. 5.—Drawing made at the time of the third operation in Case 1 to illustrate probe 
passed up from the left common iliac artery to the splenic artery preparatory to drawing the 


vein graft down into place. 


ie J 


Fig. 6.—Technique of intraluminal suture of vein-inlay graft . 


anastomosis. A malleable probe was then passed up from the common iliac artery throug] 
the hematoma to the splenic artery, and a segment of the patient’s right superficial femoral 
vein was drawn through the gap between the splenic artery and the left external iliac artery. 


This vein was sutured into the lumen of the vessels by the technique illustrated in Fig. 6, and 
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the arteries were closed. On release of the clamps, pulsation was palpable in the left 
external iliac artery. Because of previous complications from intra-arterial heparin, it was 
decided not to insert a polyethylene tube into the splenic artery. 

Postoperative Cowrse-—The patient was placed on an oscillating bed, and intermittent 
administration of heparin commenced the day after operation. A faint femoral pulse was 
palpable on the right side but there was none on the left. The left foot showed considerable 
ischemia but there was no loss of sensation. Two weeks after operation, oscillometry showed 
no pulsations on the left side and a %4 unit deflection at 80 mm. Hg on the right side. 
Reactive hyperemia test showed filling on the right side at 65 cm. above heart level, but on 
the left side filling was not complete until the foot was lowered to 15 em. above heart level. 
Aortography showed thrombosis of the vein-inlay graft. Both femoral arteries filled by way 
of collaterals. The patient was discharged on the eighteenth postoperative day. 


Fig. 7.—Preoperative aortogram in Case 2 to show large abdominal aneurysm involving the 
bifurcation extending from just below the renal arteries to the bifurcation. 


She was admitted to another hospital because of nausea and vomiting and was found 
to have impairment of renal function. Blood creatinine was 9.3 mg. per cent. Improvement 
gradually took place, the creatinine went down to 3.8, and she was discharged to her home. 
She has since become ambulatory, and although the circulation to the left lower extremity 
is still precarious, gradual improvement is taking place. 

CasE 2.—L.B., a 54-year-old white man, was admitted to the Franklin Hospital on 
Jan, 4, 1953, with the chief complaint of a mass in the abdomen of one year’s duration. The 
mass was not painful but he was aware of the pulsation, especially when lying on his back. 
There was no history of intermittent claudication or coldness of the lower extremities. Six 
weeks before admission a gastrectomy had been performed for a chronic duodenal ulcer 
with obstruction which had not responded to medical management. At the time of operation 
exploration revealed a large, fusiform aneurysm involving the bifurcation of the abdominal 
aorta. 
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Physical examination revealed a well-developed person who appeared slightly older 
than his stated years. Blood pressure was 150/100. Urinalysis showed a trace of albumin, 
and the blood count was within normal limits. Both femoral pulses were dilated, the left 
side more than the right. The dorsalis pedis and posterior tibial ankle pulses were readily) 
palpable. Preoperative aortography (Fig. 7) showed a fusiform aneurysm of the abdominal 
aorta originating just below the renal arteries. The iliac arteries appeared to be dilated and 
tortuous. The splenic artery was long and tortuous but appeared to contain no calcified 
plaques. 


Fig. 8.—Gross specimen of Case 2. 


Operation—The patient underwent surgery on Jan. 6, 1953. Under endotracheal 
anesthesia, a left thoracolumbar incision was made through the eighth intercostal space, 
continued as a left paramedian incision. The abdomen was remarkably free from adhesions. 


The gastric anastomosis was in excellent condition. The spleen was removed and the splenic 
artery dissected back to the celiac axis, dividing and ligating its branches with No. 60 cotton. 
The splenic flexure and descending colon were then reflected medially, the anterior surface 
of the left kidney was exposed, and the left renal vein was followed to the aorta. At this 
point the aneurysm was found to arise just below the renal vein and was surrounded by a 
considerable amount of edematous tissue. The lymphatics and veins on the anterior and left 
lateral side of the aorta were divided and ligated, and by finger dissection, a rubber tube 
was placed about the aorta below the renal vein. The descending colon and sigmoid were 
reflected medially and the aorta was exposed retroperitoneally to its bifurcation. The ureter 
and spermatic vessels were allowed to fall posteriorly. Both iliac arteries were markedly 
tortuous. The right iliac had a firm, sclerotic plaque on the posterior wall, and there was a 
smaller plaque in the left common iliac. Both iliac arteries were dissected free to their 
bifureations, and the aorta was then freed up by dividing and ligating the transverse lumbar, 
middle sacral, and inferior mesenteric arteries. The right common iliac artery was then 
clamped and divided, and its proximal end was closed with a running stitch. The distal end 
was irrigated with heparin solution. The sclerotic plaque in the posterior wall was removed. 
A Potts clamp was applied to the left iliac artery, and an end-to-side anastomosig of the 
right to the left common iliac artery was performed. There was some difficulty with this 
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anastomosis since the right iliac artery was friable where the sclerotic plaque had been 
removed. The left common iliac artery was then clamped and divided, and the aorta was 
occluded just below the renal arteries. The distal end of the splenic artery was anastomosed 
to the left common iliac artery. A posterior row of intima-everting mattress sutures were 
first inserted with stay sutures at the two angles and an over-and-over stitch on the anterior 
surface. Before completion of the anastomosis, a large fresh thrombus was expressed from 
the left iliac artery. Good back-bleeding was then obtained from both iliac arteries. At 
the completion of the anastomosis, after release of the clamps, pulsation was present below 
the suture line and a pulse was palpable in both common iliac arteries. A thrill could be 
felt opposite the anastomosis of the right iliac artery. The aneurysm was then excised and 
the aorta below the renal arteries closed by a running stitch of doubled No. 60 cotton. The 
patient withstood the operation in good condition, and at the conclusion of the procedure 
both feet were of normal color and pulses were palpable at each groin. 

Pathologic Diagnosis—Pathologie diagnosis was atherosclerotic aneurysm of the 
abdominal aorta (see Fig. 8). Sections through the aneurysm showed complete destruction 
of the usual architecture with no distinction between the intima and the media. 


Fig. 9.—Postoperative aortogram in Case 2 to demonstrate the filling of the iliac arteries 
through the transposed splenic artery. 


Postoperative Course.—The patient’s postoperative course was quite smooth until the 
third day when he developed partial atelectasis of the right lung which was treated by 
endotracheal suction. Gastric suction was continued for three days. Ankle pulses could not 
be felt until the fifth postoperative day. Studies in the Vascular Research Laboratory two 
weeks after operation showed filling of the smaller blood vessels of both feet at 45 em. 
above heart level. Oscillometric readings at the thighs showed a barely perceptible pulsation 
at 70 mm. Hg. Aortography (see Fig. 9) showed that both iliac arteries filled through the 


splenie by-pass. 
When examined four months after operation, the patient still had some weakness in 
the legs after walking one mile on the level. Reactive hyperemia test demonstrated complete 
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filling of the left side at 45 em., but there was some blanching of the right fifth toe which 
persisted until the patient sat up with the feet dependent. The dorsalis pedis and posterior 
tibial pulses were readily palpable at both ankles, 

Discussion.—The splenic artery is an ideal vessel to be used as an arterial 
by-pass since it supplies an organ which can be removed with little or no 
serious consequences. It arises from one of the major divisions of the aorta, 
just below the diaphragm, and has but few small branches before its termination 
in the hilus of the spleen. Here it generally bifureates, and this bifurcation 
ean be used to provide a wider lumen at the point of anastomosis. A similar 
method has been described by Albanese,” by Johnson and Kirby,” and by 
Holman and Hahn.?* The fact that the splenic artery is generally tortuous 
suggests that it has also become dilated.** Degenerative changes frequently 
aecompany dilatation of vessels, and calcification may be found in this artery 
which may preclude its use. The splenic artery is also thin-walled in comparison 
to the common iliae artery. The atrophic character of the wall probably ac- 
eounted for the secondary hemorrhage which resulted in the first case when the 
polyethylene tube was removed six days after the first operation. 

Whether it is possible for the splenic artery to carry a volume flow of blood 
sufficient to maintain the circulation to the pelvis and lower extremities is still 
a matter of doubt. At the time of the third operation on the first case, pressure 
measurements indicated that the volume flow through the splenic artery was 
relatively low. The thrombosis which occurred following the vein-inlay graft 
between the splenic and the left external iliae arteries might have been due in 
part to this reduced volume flow. 

One of these patients had already developed collateral circulation to the 
lower extremities following thrombosis of the abdominal aneurysm. The aorto- 
gram performed after the spleno-iliae anastomosis demonstrated that the cir- 
culation to the right lower extremity was carried chiefly through collaterals. 
The aortogram following the failure of the vein-inlay graft, demonstrated that 
the circulation of the left leg was also maintained through collateral vessels. 
In the second patient, provision for circulation to the right lower extremity 
was made by anastomosing the right common iliae to the left common iliae just 
below the spleno-iliae anastomosis. This procedure was only technically possible 
due to the fact that this patient had dilated, tortuous, elongated iliac arteries, 
a condition not infrequently encountered in patients with aneurysms of the 
abdominal aorta. The degenerative character of the arterial wall, however, 
makes these anastomoses not only technically difficult but also precarious. 


SUMMARY 


Two cases are reported in which arteriosclerotic aneurysms of the abdom- 
inal aorta were resected with anastomosis of the splenic to the left iliae artery. 
In one patient the right iliac was also anastomosed to the left iliac artery. 
Both patients recovered, and the circulation to the lower extremities, although 
reduced, was adequate. In the first case, secondary rupture at the spleno-iliae 
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anastomosis occurred eleven months after operation. Recovery followed after 
an unsuccessful attempt to insert a vein-inlay graft. The circulation to the 
lower extremities was through collateral vessels. 


CONCLUSION 
Aneurysms of the abdominal aorta may be resected with the circulation to 
the pelvis and lower extremities maintained through a spleno-iliae arterial 
anastomosis. This procedure, although fraught with difficulties, may be a use- 
ful one in selected cases. 
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TREATMENT OF ANEURYSMS WITH FOLLOW-UP STUDIES ON 
DICETYL PHOSPHATE 


A Report oF THIRTY-SIX CASES 


R. Apams Cow.ey, M.D., aNp GrorcE H. YEAGER, M.D., BALTIMoRE, Mbp. 


(From the combined Departments of Surgery of the University and Baltimore City Hospitals, 
University of Maryland School of Medicine, Baltimore, and the Department of Surgery of 
the University of Michigan Hospital, Ann Arbor, Mich.) 


F ONE adheres to the definition that an aneurysm is a hollow tumor, space, 

or sae, filled with liquid or coagulated blood, or both, directly connected with 
the lumen of an artery, and developed in whole or in part at the expense of 
the arterial wall, then treatment should be directed toward the restoration of 
normal ealiber and form of the involved artery and preservation of the de- 
pendent circulation. 

Aneurysm of the thoracic and abdominal aorta and the major branches 
long has been considered a fatal condition. Over one-half of the patients re- 
ported on by Kampmeier' died within one month after admission to the 
hospital. Colt? found the average duration of life in saccular aneurysms of the 
abdominal aorta to be about one year after the appearance of symptoms. 


Estes,* in a study of 102 patients with abdominal aortic aneurysms, most of 
which were arteriosclerotic, reported only 67.0 per cent alive after one year, 


none after ten years. 
Galen recognized the nature of aneurysm, but Antyllus, in the second 


century A.D., attempted treatment by isolating an aneurysm between ligatures 
and emptying its contents. Versalius and others indicated a knowledge of 
these tumors and their fatal sequelae. After Harvey demonstrated the blood 
circulation, the nature and pathologie concept of these pulsating tumors were 
better understood. Measures then were taken both medically and surgically 
to treat this entity. Those aneurysms which were accessible were treated by 
operative means. Those which involved the circulation necessary to life were 
left to medical measures vainly designed to arrest the progress of the disease 
and alleviate pain. This was accomplished by venesection, low calorie diets, 
and drugs intended to diminish blood flow and pressure. 

Surgical treatment embraced refrigeration, compression, acupuncture, fili- 
puncture, electropuncture, ligature above and below the sac, occlusion of the 
parent artery by compression or gradual constriction (Halsted clamps, rub- 
ber bands, compression graded clamps), and finally the radical operations 
which included incision of the sac (aneurysmotomy), extirpation of the sac 
(aneurysmectomy), plastic procedures within the sac* (endoaneurysmorrha- 
phy, obliterative, restorative, and constructive), and the use of venous and 
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arterial grafts. Until World War I, all of these procedures were used either 
alone or in combination. The results of these procedures because of shock, 
sepsis, hemorrhage, and gangrene were appalling, particularly before the ad- 
vent of aseptic technique. It must be noted, however, that the workers of the 
past century in this field deserve the highest merit for their foresight and 
courage, as they certainly worked under many disadvantages which do not exist 
today. It is to their inventiveness that we are indebted for many of the basic 
techniques and procedures used at present in aneurysm surgery. 

In all reported cases of aortic aneurysm treated by ligation prior to 1920, 
the patient did not leave the hospital alive. Since that year, successful liga- 
tion of the abdominal aorta for aneurysm has been reported by Biggers,*® Elkin,° 
Matas,’ and others.® 

Wiring of aneurysms, introduced by Moore? in 1864, and since modified by 
Colt?® and Corradi,’ was a new step. The surgeons hoped to circumvent, by 
this technique, the risk of trauma, hemorrhage, and sepsis, and at the same 
time produce a clot in the sac. This procedure soon fell into disrepute. In 
1926, Reid’s'’? report of forty patients treated thus did not include a single cure 
and included only five who were relieved. Blakemore’ has revised this proce- 
dure and by his magnificent results has given it firm footing. At the present 
time, he not only reinforces the internal wall of the sae by wiring and electro- 
coagulation, but also reinforces the external aortic wall with reactive polythene 
containing dicetyl phosphate. He has further refined his technique by surround- 
ing the aorta proximal to the sae with rubber bands eneased in the plastic to 
impede blood flow through the aneurysmal sac. The procedure deserves special 
notice, since he reports no hemorrhage at the point of constriction. 

Today’s surgeon, armed with clinically effective bacteriostatic agents, 
blood banks, advances in anesthesiology, familiarity with thoracic exploratory 
methods, advances in ang.ocardiography, and experience with grafting pro- 
cedures and other blood vessel techniques, has increased the measure of. re- 
lief and cure rate of aneurysm. He now calls upon a broader experience, and 
more wisely selects techniques not prejudiced by period or provinee but guided 
by the peculiarities of the lesion as it is exposed at the operating theater. 


TABLE I, ANEURYSMS STUDIED (THIRTY-SIX) 








LOCATION | NUMBER | LIVING “DEAD ~—|_~—s&RRUPTURE 





Thoracic aorta 13 9 3 (4)t 
Abdominal aorta 14 7 
Thoracoabdominal 0 
Great vessels | . 3 





Total 36 17* 19 8 








*Survival periods: ten to eighteen months, eight patients; thirty-six to forty-two 
months, eight patients; six years, one patient. 

;+Rupture in thoracic aorta, three. The fourth was a wrapped abdominal aneurysm which 
seven months later ruptured above diaphragm into esophagus. 





During the past six years, we have treated thirty-six aneurysms, alter- 
ing the treatment to the patient’s individual needs (Table I). We wrapped," 
excised and wrapped, and simply excised aneurysms as conditions warranted. 
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Early in our experience, we chose to excise the aneurysmal sac whenever pos- 
sible, and enveloped the reconstructed artery in polythene film containing dice- 
tyl phosphate. It was only in extremely poor operative risks and in cases when 
extent of the arterial damage rendered the case inoperable that we wrapped only. 


Fig. 1.—A sheet of polythene impregnated with dicetyl phosphate powder is in the lower 
left-hand corner. Compare with sheet of polythene containing less than 1 per cent dicetyl phos- 
phate to the right. Both have been sterilized by boiling ten minutes in water. Immediately 
above is a pure polythene tube of the type used in Case 24. It is eight inches in length and 
three-fourths inch in internal diameter. Note the flare on the proximal end. The tube is 
fixed in the vessel wall after the method of Hufnagel. 





Fig. 2.—Cross sections from the thoracic aortas of four dogs A, B, and C have been 
wrapped six weeks with polythene and dicetyl phosphate in various concentrations. B con- 
tains heavily impregnated dicetyl phosphate, A contains 5 per cent dicetyl phosphate, and C 
contains regular polythene film containing less than 1 per cent dicetyl phosphate. D is an un- 
wrapped aorta. Note the extra thickness of the vessel walls as early as six weeks after 


wrapping. 


We were careful to choose film that contained dicetyl phosphate. This we found 
in past work to be necessary to the fibrotic reinforcement of the vessel wall.*® 
Inecriminations cast at polythene as an effective cicatrix-inducing material are 
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the result of conclusions drawn from work done using pure polythene instead 
of polythene containing dicetyl phosphate. Repeated experimental studies 
have further substantiated our conviction that polythene containing dicetyl 
phosphate will induce fibrosis to an effective extent in aneurysm surgery.’® 
It is to be emphasized that the polythene must be sterilized by boiling, aqueous 
zephiran chloride or formaldehyde, as the use of alcohol in high concentration 
reduces the reaction of polythene in tissues considerably. To guard against 
use of mitigated film and to fortify the film, we, at present, iron dicety] phos- 
phate powder into the polythene before sterilization.* The resultant fibro- 
blastic reaction is marked even at six weeks (Figs. 1 and 2). 


CASE REPORTS 


Operation: 


CasE 1.—W. F., age 38; saccular aneurysm, aortic arch, and sternal erosion. 
Patient 


isolation neck of sac and encirclement with polythene strips. Result: excellent. 
living three years, five months after operation.17 


Case 2.—W. M., age 49; large fusiform aneurysm, ascending arch and descending aorta 
with marked tracheal compression. Operation: posterior mediastinal tracheotomy and poly- 
thene wrap of arch and descending aorta. Three weeks later, ascending aorta wrapped. 
Result: returned three months later for routine evaluation. Died forty-eight hours follow- 


ing bronchoscopy with rupture into esophagus.18 


Case 3.—W. F., age 52; large fusiform aneurysm, descending aorta. Operation: left 
lower lobectomy and polythene wrapping of aneurysm. Result: Ten days after operation, 
patient went into shock with recovery. Died three and one-half months after operation. 
Autopsy: rupture, with polythene strips not in apposition to aneurysm wall. It was felt 


that the first bleeding episode ten days postoperatively ‘‘floated’’ the strips off the vessel 


wall. 


CAsE 4.—W. M., age 67; fusiform aneurysm, descending aorta. Operation: polythene 
wrap. Result: patient alive and symptom-free two years, five months after operation. 


Case 5.—W. M., age 49; fusiform aneurysm, ascending aorta and innominate artery. 
Operation: complete polythene wrap of innominate artery and ascending aorta. Result: 
comatose, right hemiparesis. Died first postoperative day. Autopsy: thrombosis, left carotid 


artery. 


CasE 6.—C. M., age 43; fusiform aneurysm, ascending, transverse aorta and innominate 
artery. Operation: polythene wrap of ascending aorta and innominate artery. Stellate 
ganglionectomy, right. Result: disoriented and blind postoperatively. Died thirty-six hours 
later. Autopsy: negative. 


CASE 7.—W. M., age 59; fusiform aneurysm, abdominal aorta. Operation: polythene 
wrap. Rewrapped fourteen months later. Result: fourteen months following operation, the 
mass seemed larger and the aneurysm was rewrapped. Now works a full day. Alive three 
years, two months after operation. 


CASE 8.—W. M., age 61; fusiform and saccular abdominal aortic aneurysm. Operation: 
polythene wrap. Result: eighteen months later patient returned for hemorrhoidectomy. Died 
six weeks later. Autopsy: retroperitoneal rupture. Microscopic study showed the adventitia 
of vessel under the polythene to have been replaced with a hyaline type of connective tissue. 


*This is accomplished by sprinkling the dicetyl phosphate powder on both sides of a 
polythene sheet and then encasing it between two sheets of cellophane to prevent the poly- 
thene sheet from sticking to the iron and ironing surface. The sheets are then pressed to- 
gether by a warm iron (115° C.) and left to cool. The cellophane sheets then strip away 
with ease, leaving the heavily impregnated sheet of polythene. We then sterilize the poly- 
thene sheet by boiling it ten minutes in water. 
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CasE 9.—W. M., age 59; fusiform aneurysm, abdominal aorta and right common ilia 
artery. Operation: polythene wrapping of abdominal aorta. Result: patient living tw 
years, three months after operation. The mass is described as ‘‘stoney’’ hard with minima 
pulsations. 

CasE 10.—W. M., age 62; fusiform aneurysm, abdominal aorta. Operation: polythen 
wrap. Result: seven months after operation patient developed severe hematemesis and died 
Autopsy: rupture of aorta into the esophagus above the diaphragm. The wrapped aneurysn 
appeared satisfactory with considerable surrounding scar tissue. 

CASE 11.—W. F., age 69; saccular aneurysm, abdominal aorta. Operation: polythen 
wrap. Result: died on eighth postoperative day. Autopsy: rupture. 

CASE 12.—W. M., age 49; fusiform aneurysm, innominate and right subclavian artery 
Operation: complete wrapping of aneurysm with polythene. Stellate ganglionectomy. Result: 
died thirty-six hours following operation. Autopsy: negative. 


Cases 6 and 12 both died shortly after operation with cerebral edema 
following a relatively simple operation. Did the stellate ganglionectomies 
produce this complication by dilatation of diseased cerebral vessel walls? 


CASE 13.—W. M., age 64; fusiform aneurysm, abdominal aorta. Operation: polythene 
wrap. Result: died one year, three months after operation. Cause of death: senile degenera 
tion. 

CASE 14.—W. F., age 60; fusiform aneurysm, abdominal aorta. Operation: polythene 


wrap. Result: excellent. Still living two years after operation. 


CASE 15.—W. M., age 60; fusiform aneurysm, abdominal aorta. Operation: polythene 
wrap. Result: excellent. Still living one and one-half years after operation. 


Case 16.—W. M., age 64; saccular aneurysm, abdominal aorta. Operation: polythene 
wrap. Result: died eight months after operation, cerebral hemorrhage. 


CASE 17.—W. F., age 66; fusiform aneurysm, right carotid artery. Operation: com 
plete polythene wrap. Result: excellent. Still living six years after operation. 


CASE 18.—W. M., age 68; saccular aneurysm, innominate artery. Operation: complete 
polythene wrap. Result: died eight hours postoperatively. Cause of death: massive 


atelectasis, right. 


CasE 19.—W. M., age 65; fusiform aneurysm, innominate and right common carotid 
artery. Operation: polythene wrap. Result: excellent. Alive three years, four months 
after operation. 


CASE 20.—W. M., age 43; saccular aneurysm, right popliteal artery. Operation: en 
circlement above aneurysm with polythene and wrapping of sac. Result: excellent. No 
circulatory disturbance three years after operation. 


CASE 21.—W. M., age 49; fusiform aneurysm, left common carotid artery. Operation: 
ligation at aorta and bifureation of carotid artery with excision of sac. Result: excellent. 


Patient living three years after operation. 


CASE 22.—W. M., age 59; huge saccular aneurysm, abdominal aorta. Operation: poly 
thene wrap. Result: died two months postoperatively with retroperitoneal rupture. 


CASE 25.—W. M., age 44; fusiform aneurysm, right carotid artery. Operation: com- 
plete polythene wrap. Two months later followed by excision of sae and rewrap. Result: 
excellent. After first wrap the aneurysm continued to grow. Two months later, reopened 
and reaction not present so polythene removed. Most of sac removed, continuity re-established 
and area rewrapped. Subsequent animal experiments showed the original polythene inert, 
and it is felt that the wrong type of polythene was used, 
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Case 24.—C. F., age 34; saccular and fusiform aneurysm, descending aorta with bone 
erosion. Operation: aneurysmotomy with closure followed twenty-four hours later by 
excision of aneurysm and replacement of descending aorta with a polythene tube* (Fig. 3). 
Result: patient died eighteen hours later with acute coronary insufficiency. Autopsy: tube 
intact. No leakage or thrombosis.19, 20 


Fig. 3 (Case 24).—Shows the tube in situ and the blood flow re-established. Most of 
the sac was then cut away, intercostal vessels were ligated, and the remaining wall of the 
sac was approximated around the tube. 


ea 
é aye 


Fig. 4 (Case 32).—A shows large saccular aneurysm on left and fusosaccular aneurysm 
on right. B shows areas of ulceration and plaque formation inside sac. C shows method 
of closure. The repaired vessel was then wrapped with polythene. 

CASE 25.—W. M., age 65; saccular aneurysm, left superficial femoral artery. Operation: 
ligation. Result: died eight hours postoperatively with acute dilatation of stomach and 


_.*Acknowledgment is made to the National Plastic Products Company, Odenton, Md., 
which manufactured the pure polythene tube used in Case 24. 
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aspiration of vomitus. Autopsy: aspiration pneumonia but also fusiform aneurysm of the 
left subclavian and carotid arteries as well as the left common illiac artery. 


Case 26.—W. F., age 44; saccular and fusiform aneurysm of ascending and transverse 
arch of aorta. Operation: exploration with rupture into pericardium. Result: death by 
massive hemorrhage. 


Fig. 5 (Case 32).—At exposure, note white anemic necrotic area in the aneurysm 
wall and also wrapping of the aneurysm with polythene after most of the sac has been 
excised. 


CASE 27.—W. M., age 65; fusiform aneurysm, transverse and descending aorta. Opera- 
tion: none. Result: ruptured into left pleural cavity while awaiting angiocardiography. 


CASE 28.—C. F., age 42; saccular and fusiform aneurysm, transverse aorta. Operation: 
exploration with rupture and tear of aorta with repair and excision of sac. Result: death 
by cardiac arrest. 


CASE 29.—W. M., age 62; fusiform aneurysm, abdominal aorta beginning 3 cm. above 
the right renal artery. Operation: polythene wrap. Result: died four days after operation. 
Autopsy: retroperitoneal hemorrhage with erosion of third lumbar vertebra. 


CASE 30.—W. M., age 37; fusiform aneurysm, transverse and descending aorta. Opera- 
tion: polythene wrap. Result: good. Still alive six months after operation. 
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Case 31.—W. M., age 60; fusiform aneurysm, abdominal aorta. Operation: injection 
of dicetyl phosphate in oil21 and polythene wrap. Result: good. Patient living six months 
after operation. 

CASE 32.—C. M., age 60; left saccular aneurysm, abdominal aorta with daughter 


aneurysm on opposite side. Operation: excision of left sac wall and re-establishment of 


Fig. 6 (Case 33).—A fusiform aneurysm treated by partial excision, re-establishment of 


lumen, and polythene wrap. i shows ligated inferior mesenteric artery, 2 calcified plaques, 3 


small daughter aneurysm. 


Fig. 7 (Case 35).—A, Retrograde aortagram showing catheter and contrast media in aneurysmal 
sac. B, Venous angiocardiogram three months after excision of sac. 
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Right saccular aneurysm clotted wit! 


lumen followed by polythene wrap (Figs. 4 and 5). 
two months afte 


good endothelial lining. Result: excellent. Alive and well one year, 


operation.22 


CASE 33.—W. M., age 66; fusiform aneurysm, abdominal aorta. Operation: longitudinal] 


excision of diseased wall with re-establishment of lumen and followed by polythene wray 


(Fig. 6). Result: excellent. Alive one year after operation. 


Fig. 8.—Technique used in re-establishing vessel continuity in Case 35. This case was not 
wrapped with polythene. 


CASE 54.—C. M., age 66; fusiform aneurysm, descending aorta. Operation: double 


plication of aneurysm wall. Result: died thirty-six hours postoperatively. Autopsy: massive 


collapse of left lung. Cause of death, tension pneumothorax following plugging of thoracot- 


omy drainage tube. 


(At operation a tear was made in the lung while dissecting it from 


the aneurysm wall.) 


CASE 35.—C. M., age 60; saccular aneurysm, ascending aorta. Operation: excision of 
sac. Result: excellent. Alive eight months after operation (Figs. 7 and 8). 
CASE 36,—W. M., age 58; fusiform aneurysm, lower thoracic and upper abdominal aorta. 
Operation: polythene wrap. Result: excellent. Alive three years, two months after operation 
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COMMENT 


The principle of fibrosis is an acceptable approach to palliative therapy. 
Dicetyl phosphate in polythene or some other suitable vehicle has merit in 
the treatment of aneurysm. The majority of cases in this series were amenable 
only to a wrapping technique. Surgical excision or plastic procedures on the 
aneurysm wall were anatomically impossible in most instances. 

All aneurysms in this series were explored, and all were treated even 
though at operation the outlook appeared futile. Seven of the thirty-six cases 
ruptured postoperatively at the aneurysm site. Other causes of death, in this 
series, are tabulated in Table II.* 


TABLE II. CAUSE oF DEATH 





| 








Rupture (operative site) 
Rupture (other) 
Thrombosis of carotid artery 

Cerebral edema 

Senile degeneration 

Cerebral hemorrhage 

Massive atelectasis 

Acute coronary insufficiency 

Acute dilated stomach with aspiration vomitus 
Tension pneumothorax 

Hemorrhage at operation 

Cardiac arrest 


Total 
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SUMMARY 


Methods of surgical treatment of aneurysm of the aorta and great ves- 
sels are briefly reviewed. 

Treatment of this clinical entity with preservation of the distal circulation 
is a reality with improvement of blood vessel techniques.”* 

Reinforcement of the vessel wall from without or within, excision, graft- 
ing, or the use of an artificial prosthesis is determined by the condition of the 
aneurysm wall, its anatomic location, type, and configuration. Each aneu- 
rysm should be individualized with reference to the surgical procedure of 
choice. 

Further experimental studies using polythene and dicetyl phosphate in 
greater concentrations, as well as methods of sterilization, are discussed. 

Follow-up of thirty-six cases of aneurysm of the aorta and great vessels 
treated by surgery is presented. 
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INTRA-ABDOMINAL ARTERIAL ANASTOMOSES 
AN EXPERIMENTAL STUDY 


Evurorr 8. Hurwitt, M.D., STANLEY ALTMAN (BY INVITATION), MAXWELL 
Borow, M.D. (By INVITATION), AND Morton RosENBLATT, M.D. 
(BY INVITATION), NEw York, N. Y. 


NJURY to the hepatic artery, occurring in the course of biliary tract or 

gastric surgery, may result in fatal liver necrosis following ligation of the 
vessel to control hemorrhage. Aneurysms of the hepatic artery have been a 
cause of exsanguination. Direct extension of a benign or malignant neoplasm 
to the vicinity of the hepatic or superior mesenteric arteries has constituted 
a serious obstacle to the extension of radical tumor surgery. Compromise of 
the middle colic artery by injury or neoplasm has necessitated sacrifice of 
the transverse colon. Thrombotic or embolic occlusion of the origins of the 
superior mesenteric or renal arteries has frequently eventuated in death of the 
patient. 

The problem common to all of these situations is the need to restore an 
adequate supply of oxygenated blood to the jeopardized organ promptly. The 
availability of expendable intra-abdominal arteries suggests their use for such 
contingencies. Preservation of the aortie origin of the splenic artery or a 
renal artery and anastomosis of the mobilized segment of vessel to the distal por- 
tion of the artery to an essential organ may meet this requirement. An ex- 
perimental program was outlined to determine the efficacy of this approach. 


EXPERIMENTAL METHOD 


Large mongrel dogs were utilized, of either sex, ranging in weight from 
thirty-five to ninety pounds. Anesthesia was provided by the intravenous 
administration of a standard preparation of veterinarian Nembutal solution in 
dosage of 1 ¢.c. per five pounds of body weight, occasionally augmented by 
small additional increments of the same medication. The peritoneal cavity 
was entered through a liberal vertical midline incision. 

Mobilization of the designated vessels was carried out in a standard man- 
ner. The arteries to be sacrificed were isolated at their origins, stripped of 
perivascular autonomic nerve fibers and other tissues, and divided between 
a ligature placed proximally and a bulldog seraphine clamp placed distally. 
The donor vessel was similarly mobilized, and divided between a proximal 
bulldog clamp and a distal ligature. The continuity of the proximal end of the 
donor vessel with the aorta was preserved, together with a length of artery 
sufficient to reach the distal end of the sacrificed vessel without tension. Con- 
struction of the anastomosis was facilitated by leaving a generous cuff pro- 
truding beyond the clamp on the vessel to the essential organ. The ends of 


Read at the seventh annual meeting of the Society for Vascular Surgery, New York, 
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both arteries were irrigated with saline solution prior to commencing the 1 
construction. The individual variations in technique employed for the specifi: 


procedures will be described. 
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Fig. 1.—End-to-end anastomosis by continuous sutures, interrupted at lateral angles. 


The initial arterial anastomoses were effected by using simple terrupted 
sutures of No. 00000 Deknatel] braided silk on a curved, noneutting, atraumatic 
needle. As experience was acquired with the technical problems associated 
with the anastomosis of vessels averaging 3 mm. in outside diameter, and usu- 
ally situated deeply within the abdomen, the construction of the suture line 
underwent many modifications, The technique employed in the later experi- 
ments, and eminently suitable for all of these procedures, involved the use of 
twelve-ineh lengths of No. 00000 mild chromie catgut, armed at each end with 
a small, three-eighths circle, noneutting atraumatie needle.* The ends of the 
two vessels in question were aligned by two sutures, placed at the lateral 
angles. The use of suture material with a needle at each end permitted 
passing the needle from the intimal surface of each vessel out through 
the adventitia. When needles are passed from outside in, in such small ves- 


*Supplied through the generosity of the Ethicon Suture Laboratories, Inc., New Bruns- 
wick, N. J, 
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sels, there is a great hazard of catching a fine fragment of the opposite wall, 
destroying the patency of the anastemosis. The technique described elim- 
inates this danger. The long end (1) of one suture, AB’ (Fig. 1), was run as 
a simple continuous over-and-over stitch, uniting the vessels posteriorly; this 
suture was tied (AA’) to the short end of the stitch at the opposite angle. The 
anterior row was constructed similarly, from B to B’. Visualization of the 
posterior wall often was facilitated by rotation of the vessels on their long axis, 
as demonstrated in Fig. 2. 


Fig. 2.—Upper, Splenic artery brought behind duodenum for splenohepatic anastomosis; Lower, 
anastomosis facilitated by rotation of vessels. 

Although an everting type of suture might seem preferable in most vas- 
cular surgery, approximating intima to intima, the narrowing of the vessel 
lumen produced by such a method unfavorably influences its satisfactory use 
in arteries of this small caliber. The stitch includes all the layers of the vessel 
wall, each bite of the needle meticulously being placed less than 1 mm. from 
the eut end of the artery. Thus, a one-layer, very slightly inverting type of 
anastomosis is effected. The suture line has been ijoosely wrapped with com- 
pressed Gelfoam,* as an aid in securing hemostasis on release of the bulldog 


_..*The Gelfoam_and heparin sodium were made available through the courtesy of the 
Upjohn Company, Kalamazoo, Mich. 
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clamps; in most instances this has not been absolutely essential. The animals 
utilized for investigation of the superior mesenteric artery were heparinized 
after mobilization of the vessels, receiving 1 ¢.e. (1,000 U.S.P. units, 10 mg. 

of heparin sodium solutiont intravenously per ten pounds of body weight. 
Neutralization of the heparin with protamine was necessary in only a few 
operations, when oozing from the abdominal wound presented a problem. 

A layer closure of the abdominal wall completed the procedure. Al! 
animals received an intravenous infusion of 1,000 ¢.e. of 5 per cent dextrose in 
physiologic saline solution during operation. Aureomycin, 500 mg., was ad- 
ministered through a Levin tube during operations involving the superior 
mesenteric artery. Penicillin, 300,000 U., was given intramuseularly daily for 
three days to all animals, except those in which the hepatic artery was under 
study. Antibiotics were withheld in this group, in an attempt to avoid mask- 
ing or favorably influencing an unsatisfactory anastomosis. The animals were 
observed during survival periods ranging from 7 to 295 days before they were 
sacrificed for the final observations. 

RESULTS 

Replacement of Hepatic Artery.—tIn each of these operations, the main 
hepatic artery was mobilized in the posterior portion of the hepatoduodenal 
ligament, close to its origin from the celiac axis, and proximal to any major 
branches of the hepatic. An anastomosis was constructed between the distal 
end of the divided hepatic artery and the proximal stump of either the splenic 
or the right renal artery. 


TABLE I. SPLENOHEPATIC ARTERIAL ANASTOMOSIS 











— STATUS OF ANASTOMOSIS 





DOG SURVIVAL (DAYS) | END-TO-SIDE END-TO-END 
S.H. 97 Patent 
S.H. 50 Occluded 
S.H. 65 Oeccluded 
S.H. 91 Patent 
S.H. 137 Occluded 
S.H. 98 Occluded 
S.H. 154 Occluded 
S.H. e 82 Occluded 
S.H. 10 83 Patent 
S.H. 12 77 Occluded 
S.H. 14 295 Occluded 
S.H. 18 187 Patent 
S.H. 22 175 Occluded 
S.H. 24 151 Patent 
S.H. 25 146 Occluded 
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Splenohepatic arterial anastomosis: The spleen was mobilized and re- 
sected, with division of the splenic artery close to the hilus and preservation 
of a generous length of the vessel (Fig. 3). The splenic artery was passed 
behind the duodenum, to come into position near the hepatic artery, and the 
ends of the vessels were joined (Fig. 4). Twenty-one dogs were subjected to 
this procedure, of which eight animals died during the first postoperative 
week. The anastomoses were found to be patent in two of these; liver 
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necrosis and peritonitis were present in three of the six with occluded 
anastomoses. Death occurred in two additional dogs, on the eleventh and 
eighteenth days, respectively, and in each instance an occluded anastomosis 
and peritonitis were found. 

The remaining eleven dogs were in healthy condition when sacrificed, at 
intervals from 77 to 295 days postoperatively. The anastomoses were patent 
in only three dogs, and they were thrombosed in the remainder. In an ad- 
ditional series of five dogs, an anastomosis was effected between the end of the 
splenic artery and the side of the intact hepatic artery. Patent anastomoses 
were found in two of the four dogs surviving into the period of observation. 
The livers of the surviving dogs with open anastomoses were not significantly 
different from those in the occluded group, in either series. The long-term 
results are summarized in Table I. 
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Fig. 3.—Spleen mobilized, with long segment of splenic artery available for anastomosis to 
hepatic, mesenteric, or renal arteries. 


Chronologically, these were the earliest experiments in this program, The 
generally unsatisfactory results may be attributed in large part to inexperi- 
ence, as the technical steps for the facile construction of such anastomoses 
were still being evolved. In addition, mobilization of the splenic artery and 
splenectomy are not practical from the right side of the abdomen, where the 
operator would be working if he were in the vicinity of the hepatic artery. 
The retroduodenal passage of the vessel poses another problem. All of these 
difficulties were obviated subsequently by use of the right renal artery. The 
splenic artery taken near its origin might also be adequate. 
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Renal-hepatic arterial anastomosis: The right kidney was mobilized and 
resected, with preservation of most of the length of the main renal artery. 
The similarity in size of the renal and hepatic arteries, and the ease with which 
these vessels could be approximated, made this a most favorable situation 
(Fig. 5). The operation was performed on five dogs, with death of one animal 
due to aspiration under anesthesia. Three of the survivors were subsequently 
subjected to splenomesenterie arterial anastomosis, and these results will be 
analyzed in Table II. There was one occluded renal-hepatie arterial anas- 














tomosis. 
TABLE II. RENAL-HEPATIC ARTERIAL ANASTOMOSIS 
re i ie ak acme - §TATUS OF ANASTOMOSIS 
DOG SURVIVAL (DAYS) RENAL-HEPATIC | SPLENOMESENTERIC 
a —— — =_— _ — ——ee _ a — 

nen. J 30 Patent 

RB.H. 3 66 Patent Oececluded 
P.O. 38 

R.H. 4 38 Patent Patent 
P.O. 15 

R.H. 5 19 Occluded Patent 
P.O. 7 





Replacement of the Superior Mesenteric Artery.—In each of these experi- 
ments the superior mesenteric artery was mobilized and ligated as it arose 
from the aorta. The proximal 1 to 2 em. of this vessel are free of any 
branches, and it is in this area that the vessel was divided. Heparinization 
was accomplished initially by injection into the mesenteric artery, but this 
had no real advantage over the intravenous route employed in the later ex- 
periments. As soon as the artery was ligated, the color of the small bowel 
ehanged to a dull white and pulsations disappeared from the mesentery. The 
usual period of arterial occlusion was about twenty-five minutes. Release of 
the occluding clamps, after completion of the anastomosis, was followed by a 
return to normal color in the bowel and often by visible and palpable pulsa- 
tions in the mesentery. This return was manifested in some areas of the bowel 
more promptly than in other segments. In contrast to the similarity in size 
of the other vessels studied, the superior mesenteric artery was consistently, 
and often considerably, larger in diameter than the splenic or renal arteries. 
The difficulties created by this disparity in size were often met by one or an- 
other of the technical variations illustrated in Fig. 6. A palpable thrill was 
usually detected distal to anastomoses of vessels with markedly different di- 
ameters. 

Splenomesenteric arterial anastomosis: This was performed in two dif- 
ferent ways. A long segment of splenic artery was prepared in the earlier 
experiments, following splenectomy, and this was brought down to the mesen- 
terie artery. Utilization of this procedure on seven dogs resulted in three 
survivals with patent anastomoses. Occlusion of the anastomosis uniformly 
resulted in gangrene of the bowel and death of the animal. Subsequently it 
became obvious that the splenie artery at its origin from the celiac axis pos- 
sessed many advantages. The two vessels are situated in close proximity, the 
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diameter of the splenic artery is larger at its source than at the periphery, 
the wall of the splenic artery is thicker in this location, and the spleen need 
not be removed. This procedure was performed on eleven dogs, with seven 
survivals, including three animals previously subjected to right renal-hepatic 





removed 


8ENAL-HEPATIC ARTERIAL ANASTOMOSIS 


Fig. 5.—Diagram and specimen of renal-hepatic arterial anastomosis, thirty days postopera- 
tively. 

arterial anastomoses. One of the latter survivors, R. H. 3, had viable bowel 

with an occluded anastomosis, the only such instance encountered in this 

series. Another dog (S.M. 23) had apparently been injured some time before. 

At operation the spleen was found to be divided into two unequal portions, 
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and the omentum was studded with implants of splenic pulp. This example 
of splenosis will be studied further. The operative procedures are illustrated 
in Figs. 7 and 8, and summarized in Table III. 


TABLE III. SPLENOMESENTERIC ARTERIAL ANASTOMOSIS 








DURATION OF 
ARTERIAL 
DIAMETER OF ARTERY (MM.) OCCLUSION SURVIVAL STATUS OF 
SPLENIC MESENTERIC | (MINUTES ) (DAYS) ANASTOMOSIS 

1.5 33 1 Oceluded 
51 82 Patent 
27 Oceluded 
44 Oceluded 
69 Oceluded 
51 j Patent 
42 Patent 
28 Patent 
16 y Patent 
15 : Oceluded 
15 d Patent 
22 Occluded 
63 Occluded 
23 Occluded 
19 2 Patent 
16 Occluded 
19 Patent 
30 Patent 
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*Long splenic artery, interrupted sutures. 

{Splenic artery at origin, continuous sutures. 

tSplenic artery at origin, continuous sutures. Splenic artery twisted (poor technique). 
§Splenic artery at origin, continuous sutures. Splenic artery lacerated (poor technique). 
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Renal-mesenteric arterial anastomosis: The left kidney was sacrificed, pre- 
serving the left renal artery. The left renal and superior mesenteric arteries 
could be brought together in satisfactory fashion (Fig. 9). Since this pro- 
cedure had already been performed by Kremens,* no attempt was made to do 
more than verify his observation, and therefore we operated on only three 
dogs. Of these, one had a patent anastomosis at autopsy, thrombosis had oce- 
curred in the second, and the third succumbed eight days postoperatively as 
the result of disruption of the suture line, the only such complication in the 


TABLE IV. LeErr SPLENORENAL ARTERIAL ANASTOMOSIS 








DATE OF DATE OF RIGHT STATUS OF 
ANASTOMOSIS NEPHRECTOMY SURVIVAL (DAYS) ANASTOMOSIS 
Oct. 7, 1952 Oct. 24, 1952 148 Patent 
Oct. 8, 1952 — 4 Patent 
Oct. 10, 1952 Nov. 4, 1952 125 Patent 


Oct. 24, 1952 Nov. 4, 1952 76 Patent 
Oct. 28, 1952 — 14 Occluded 


Oct. 31, 1952 Nov. 13, 1952 75 Patent 
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entire series. There was less disparity between the diameters of the renal 
and mesenteric arteries than was the case when the splenomesenteric shunts 
were constructed. 

Replacement of the Renal Artery——Splenectomy and left splenorenal 
arterial anastomosis, followed by right nephrectomy several days later, con- 
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stituted the plan for this experiment (Fig. 10). The combined procedure was 
completed satisfactorily in four of the six dogs selected for this purpose, as 
shown in Table 1V. One dog (S.R. 2) died on the fourth postoperative day 
of an aspiration pneumonia. <An infarcted left kidney was found in another 
animal (S.R. 5) at the time of the second laparotomy. Renal function was ade- 
quately maintained in the survivor group by the splenic arterial inflow to the 
solitary left kidney, which in every instance at autopsy was normal in color 
and considerably larger than at the time of the original operation. 
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Alternate maneuvers for the anastomosis of vessels with wide discrepancy in size. 


DISCUSSION 


These investigations would suggest that it makes very little difference 
whether silk or catgut is used for vascular surgery of this type. It is essen- 
tial that the suture material be as fine as possible, that it be well lubricated, 
and that it be passed in such a way as to inflict a minimum of trauma to the 
vessel. When these conditions are observed, the incidence of thrombosis and 
extent of traumatic or foreign body reaction is approximately the same. 
Everting and interrupted sutures were less successful in these small vessels 
than a simple over-and-over, continuous stitch, interrupted only at the lateral 
angles.* The 00000 mild chromie catgut employed for many of these opera- 
tions still presents two minor variables, The strands are not absolutely uni- 
form in strength, so that occasionally one will break more easily than the 
others; this has been greatly improved in the past few years. And the time 
of disappearance of the catgut is highly unpredictable at present. In the 
surgery of blood vessels, no instances have been encountered when the e¢at- 


*Dr. Emile Holman once remarked, during a visit to our laboratory, that Halsted might 
never have turned to silk if such fine catgut had been available. 
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gut was absorbed so quickly as to jeopardize the strength or integrity of the 
anastomosis. On the other hand, in some dogs sacrificed as long as six months 
postoperatively the individual strands of catgut could still be clearly identi- 


fied. 


The attempt was made to define the conditions of most of these experi- 
ments in such a way that they would be crucial, in the sense that an unsat- 
isfactory anastomosis would be incompatible with survival of the animal. Re- 


RENAL-HEPATIC AND SPLENO-MESENTERIC 


ARTERIAL ANASTOMOSES 
|. Hepatic artery ligated proximally. 
2. Anastomosis of right renal artery to distal hepatic 
artery. 
3. Superior mesenteric artery ligated proximally. 
4. Anastomosis of splenic artery to distal superior 
mesenteric artery. 


3 '4 





Fig. 8.—Diagram and specimen of combined renal-hepatic (thirty-eight days) and spleno- 
mesenteric (fifteen days) arterial anastomoses postoperatively. 
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placement of the arterial blood supply to a solitary kidney by the splenie ar- 
tery is the only situation in which this criterion was absolute. The one dog 
in the splenorenal series with an obstructed anastomosis and an infarcted left 
kidney had not yet undergone right nephrectomy. The anastomoses were 
patent in all the others, with a compensatory enlargement of the single kidney. 
Right nephrectomy in each instance was performed as a second stage pro- 
cedure, rather than at the time of construction of the left splenorenal arterial 
anastomosis. The combined procedure should entail little additional diffi- 


culty. 





. . 
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RENAL-MESENTERIC ARTERIAL ANASTOMOSIS 


werTRic | 2 3 4 5 
Fig. 9—Diagram and specimen of renal-mesenteric arterial anastomosis, eighteen days post- 
operatively. 
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It would be anticipated that failure to reconstruct adequately the divided 
superior mesenteric artery would inevitably result in death. While this is 
usually true, in one instance sacrifice of an apparently healthy dog thirty-eight 
days after construction of a splenomesenteric arterial shunt unexpectedly dis- 
closed a thrombosed arterial anastomosis. The clinical course of the animal 
and normal appearance of the small bowel at autopsy led the prosecutor to 
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SPLENO-RENAL ARTERIAL ANASTOMOSIS 


Fig. 10.—Diagram and specimen of splenorenal arterial anastomosis, seventy-five days post- 
operatively. 

anticipate a patent vessel, so that it was not possible subsequently to recon- 

struct the collateral pathways by which arterial blood had reached the small 

bowel. These dogs were heparinized during the acute period of arterial oe- 

clusion, to minimize thrombosis of the mesenteric veins, as suggested by Nelson 
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and Kremens.' The introduction of Aureomycin into the gastrointestinal tract 
during the period of arterial deprivation, to inhibit the deleterious influence 
of intestinal bacteria, has been described by Rabinovici and Fine.’ 

Successful replacement of the superior mesenteric artery by the left renal 
artery has been accomplished in the dog by Kremens.* In the present series 
the renal artery was less satisfactory than the splenic artery for this purpose. 
The celiac axis has been demonstrated to be capable of delivering enough 
arterial blood to maintain the viability of the gastrointestinal tract from the 
lower esophagus to the midtransverse colon, including the liver, pancreas, and 
spleen, in apparently healthy dogs. In other dogs the hepatic component of 
this demand was adequately furnished by the right renal artery. 

Attempts to reconstruct the superior mesenteric artery in man have not 
been reported. Embolectomy has been deseribed by Klass,* with viable bowel 
described at autopsy following death of the patient due to cardiae failure. 
Either arterial replacement or embolectomy would seem preferable when pos- 
sible to massive resection of the bowel, with which a successful outcome has so 
infrequently been achieved.’ Winfield and Mersheimer® have summarized 212 
instances of successful resections after mesenteric vascular occlusions (either 
arterial or venous), to which they have added five. Survival following ex- 
pectant treatment has been extremely rare. 

Reconstruction of both the superior mesenteric artery and vein at one op- 
eration was not successfully accomplished in this experimental series. Various 
combinations of procedures were tried, including both the renal and splenic © 
arteries and veins, but all were unsatisfactory. Similar results have been 
referred to by Kremens,’ who also felt that the problem was more complex than 
just the construction of two anastomoses. 

Reconstruction of the superior mesenteric vein in the human being has 
been reported by Ripstein and Ostrow’ and by Moore and co-workers.’ Me- 
Dermott® has described a patient in whom the superior mesenteric vein was 
anastomosed to the inferior vena cava. On the other hand, experiences in- 
volving ligation of the superior mesenteric vein in the laboratory and in hu- 
man beings have recently been summarized,’ 71 and this has been accomplished 
suecessfully in one case at the Montefiore Hospital.’? Adequate criteria are 
currently lacking for the selection of the cases in which the superior mesen- 
terie vein may be sacrificed with impunity. 

When this program was initiated, it was erroneously believed that sur- 
vival of a dog following division of the hepatic artery and its reconstruction 
with the splenie or right hepatic artery was an indication of patency of the 
anastomosis. Penicillin was not used, since Markowitz'* had demonstrated 
the protective action of this agent. The hepatic artery had consistently been 
ligated close to its origin from the celiae axis, and several recent studies 
have demonstrated that this often permits an adequate collateral arterial 
cireulation to the liver.1*?® This has been corroborated by finding normal 
livers in healthy animals sacrificed early in this series, with thrombosed spleno- 
hepatic and renal-hepatie arterial anastomoses. The wide variation in an- 
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atomic potential for the maintenance of hepatie survival must explain the 
fact that ligation of the normal hepatic artery in human beings, whether de- 
liberate or accidental, may be followed by death'®** or by recovery.*?-*° 

The occurrence of aneurysms of the intra-abdominal arteries presents a 
considerable challenge to the surgeon. Involvement of nonessential vessels, 
such as the left gastric and splenic arteries, lends itself nicely to surgical 
excision, whereas fatal hemorrhage may result if perforation occurs.” ** Rup- 
ture of an aneurysm of the hepatic artery is similarly to be feared.** Ligation 
of the hepatic artery for aneurysm has been performed successfully in only 
three instances, according to Grant and associates”? with death from liver 
necrosis or recurrent hemorrhage the more frequent result of this procedure. 
Dwight and Ratcliffe*® summarized ninety-one previously reported cases of 
aneurysm of the hepatie artery, with survival following treatment by wiring 
in one patient. Both of these reports speculate on the theoretical preferability 
of excision of the aneurysm, with restoration of the continuity of the vessel, 
either by end-to-end suture or by a graft. 

Cadaver dissections on autopsy material at this hospital have clearly 
demonstrated the anatomie feasibility of utilizing the right renal artery to 
replace the hepatic artery or the splenic artery to replace either the superior 
mesenteric or left renal arteries. The advantages of using, as an arterial 
shunt, a segment of fresh, autogenous artery, already attached at one end, are 
obvious, and have previously been documented in this laboratory.** Such elin- 
ical use of the splenic artery, to by-pass a low coarctation of the aorta, was 
postulated by Blalock*? and carried out by Glenn and co-workers.** Freeman 
and Leeds* have swung the splenic artery around aneurysms of the abdominal 
aorta. 

Either the renal or the splenic artery could be used for the arterialization 
of the blood supply to the liver, now accomplished by other techniques in 
several experimental programs.**** One approach already described for in- 
creasing the supply of oxygenated blood to the liver has been by splenectomy 
with anastomosis of the splenic artery and splenic vein.** In one group of the 
present experiments, it has been shown that it is possible to anastomose the 
free end of an auxiliary artery, such as the splenic or renal, to the side of the 
intact hepatic artery. Whether or not this results in augmenting the flow of 
blood through the hepatic artery awaits further study. The investigations of 
Kantrowitz concerning the potential increase in arterial flow to be gained by 
an ancillary vessel of such a length as to be out of phase with systole of the 
coronary artery suggest such an application.*® 

One consideration that must be taken into account when speculating on 
the interpretation of these experimental data in terms of human surgical 
problems is the time factor. The elective replacement of aneurysms or of ves- 
sels involved by neoplasms would permit preparation of the graft prior to ap- 
proaching the lesion, ensuing a minimum period of deprivation of arterial 
blood for the essential organ. Salvage of a situation in which an essential 
artery has been lacerated or compromised accidentally during the course of an 
operation would entail a longer, but not unreasonable, period of such depriva- 
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tion. Unfortunately, the time lag between embolic or thrombotie occlusion 
of a mesenteric or renal artery and laparotomy is such that gangrene has usu- 
ally already developed, precluding vascular surgery. The basie problem is 
similar to that posed by thrombosis of the cervical portion of the internal 
carotid artery, where speed of diagnosis and prompt surgery are essential.*° 
A high index of suspicion plus a recognition of the possible role of blood vessel 
surgery may result in an improved technique for the management of these pa- 


tients. 
SUMMARY 


1. In a series of dogs, it has been shown that the hepatic, superior mesen- 
teric, or renal arteries may be sacrificed and satisfactorily replaced by other 
intra-abdominal arteries. 

2. Clinical application of these techniques is suggested in the management 
of compromise of these essential vessels by accidental injury, aneurysm, neo- 
plasm, or thromboembolic occlusion. 


Acknowledgment.—We wish to express our appreciation to Dr. Harry M. Zimmerman, 
ci,ief of the Laboratory Division, for making available the facilities of the autopsy room, and 
to Mr. Ruthven Ferreira for invaluable technical assistance with every phase of the investiga- 
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THE USE OF NYLON NET FOR THE EXTERNAL SUPPORT 
OF BLOOD VESSEL GRAFTS AND ANEURYSMS 


LesTER L. VarGas, M.D., AND RaLpuo A. DETERLING, JR., M.D., New York, N. Y. 


(From the Department of Surgery, College of Physicians and Surgeons, Columbia University, 
and the Surgical Service of Presbyterian Hospital) 


ONG-TERM follow-up observations of blood vessel grafts in animals have 
shown a significant incidence of dilatation, thinning, and even aneurysm 
formation.*?> These changes have been observed both in homologous artery 
and autologous vein grafts. Other tissues, such as fascia lata and pericardium, 
have shown an even greater tendency to undergo these changes. Although 
synthetic materials used as prostheses have shown encouraging results,’® 77 most 
vascular surgeons rely on the use of blood vessels for replacement. If this 
type of replacement is to continue, it is evident that measures must be taken 
to insure its anatomic and functional integrity over a long period of time. It 
is the purpose of this report to present a technique which appears to meet such 
a need by means of external support. 


MATERIALS AND METHOD 


An open-mesh, tulle-woven net of a nylon resin polymer* was selected for 
this study (Fig. 1, A). Its most outstanding qualities for this use were tensile 


strength, elasticity of the filament, and the fact that the fibers are knotted where 
they cross. In addition, this material has been well tolerated in animal tissues 
for long periods of time. 

Before undertaking any operative procedures, tubes of this material were 
fashioned of varying lengths and diameters. Carefully measured pieces of the 
net were folded longitudinally, and the free edges were sewn with nylon thread 
(Fig. 1, B). The greatest elasticity was achieved by aligning the fibers at a 
forty-five degree angle to the long axis. The diameter of the tubes varied 
from 6 to 15 mm., and the length from 6 to 10 em. In order to facilitate use 
at operation, the tubes were telescoped in accordion fashion over matching 
glass tubes, and were held in this state by encircling silk sutures (Fig. 1, C). 
Sinee a plasticizer is used with nylon of textile grade, pretreatment by im- 
mersion in a detergent solution, followed by boiling in water, is necessary. 
The tubes could then be stored for instant use. This material can safely be 
sterilized repeatedly by boiling, autoclaving, or dry heat without alteration 
of its characteristics. 

Forty-two adult mongrel dogs weighing from 7.5 to 18 kilograms were 
used. Intravenous pentobarbital sodium (30 mg. per kilogram) was employed 
for anesthesia. These experiments were divided into three groups. 


Supported by a grant from the American Heart Association. 

Read at the seventh annual meeting of the Society for Vascular Surgery, New York, N. 
Y., May 31, 1953. 

*Supplied by Ethicon Suture Laboratories, New Brunswick, N. J. 
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1. External jugular venous autografts implanted into the abdominal aorta 
(twelve dogs).—An incision was made in the neck over the vein, and a segment 
free of valves was resected. The length varied from 2.8 to 4.8 em. After irri- 
gation with heparin-saline solution, the grafts were placed in cool saline solution. 
The abdomen was then opened through the midline, and the aorta exposed. This 
vessel was mobilized in its bed by division of lumbar branches, and a segment 
below the renal arteries measuring 1.5 to 2.5 em., depending on the length of 
the graft to be implanted, was resected. The venous grafts were then sutured 
into place, employing a continuous suture of 00000 braided arterial silk.* 


| METRI i 
HiT RAT 


A. , C. 
Fig. 1.—A, Tulle-woven net of nylon fibers. B, Nylon net folded longitudinally and its 


free edge sewn to form a tube. C, Nylon net tube telescoped upon itself and secured with 
encircling silk ligatures to facilitate its application over the graft. 


A previously prepared nylon tube of proper length and diameter was 
slipped over the graft before beginning the final anastomoses. The transfixion 
sutures of the tube were cut, and the tube was drawn out over the graft. In 
all instances, the nylon net extended beyond the graft for 1.0 to 1.5 em. (Fig. 
2, A). The oeeluding clamps were brought closer together so that the net could 
be sutured to the host aorta with the suture lines relaxed. When blood flow was 
restored through the graft, there was minimal tension on the anastomoses. In 
all these dogs, the diameter of the supported graft equaled that of the host aorta, 
or was smaller by 1.0 to 1.5 mm. Careful measurements were made with calipers. 
Kight grafts were reinforced by nylon net, and four were implanted without 
support to serve as controls. 

2. Pericardial tubes implanted into the thoracic aorta (nine dogs ).—After 
performing a left thoracotomy, a sheet of autologous pericardium, 4 by 5 em., 


*Supplied by J. A. Deknatel and Son, Queens Village, N. Y. 
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was excised. Tubes were constructed so as to conform to the diameter of the 
host aorta after the method of Sako.° The descending thoracic aorta was 
mobilized by division of the intercostal arteries, and a segment measuring from 
2.0 to 2.5 em. was excised. The pericardial graft was slipped over a 6.0 by 
0.6 em. polyethylene tube, which in turn was ligated into the aorta to allow 
blood flow during implantation. Before completion of the final anastomosis, 
the aorta was reoccluded briefly, during which time the tube was removed and 
the suture line completed. In five animals a telescoped nylon tube was slipped 
over the pericardial graft, before the polyethylene tube was ligated in place. 
After implantation was completed, the nylon tube was treated as in the first 
group of animals. In four, no external support was used. The length of the 
pericardial graft after implantation varied from 3.0 to 4.3 em., and the outside 
diameter matched that of the host aorta. 


a 


v» 


&. B. 

Fig. 2.—A, Drawing of a vein graft supported by a nylon net tube implanted into the 
abdominal aorta. Note that the net extends beyond each anastomosis and is sutured to the 
host vessel. 

B, An artist’s drawing showing the relationship of the nylon net to the graft and the 
investing fibrous tissue. 


3. Vena caval autografts implanted into the abdominal aorta (twenty-one 
dogs).—Segments of inferior vena cava measuring from 3.5 to 5.0 em. were im- 
planted into the abdominal aorta of the same dog by the technique described in 
Group 1. All these grafts had a diameter 1 to 4 mm. greater than that of the 
host aorta. Nylon net was applied to all of these, and since its diameter was the 
same as that of the host aorta, the disproportion was greatly reduced or eliminated 
when the net was extended over the graft. 
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VARGAS AND DETERLING 
RESULTS 

Upon resumption of-blood flow, there was an immediate distention of the 

grafts to the limits imposed by the investing nylon net. The graft and net 

pulsed synchronously with the adjacent normal aorta. There was a transitory 

oozing of blood from the anastomoses, which was less noticeable when the 

nylon net overlay the suture line. The contour of the aorta, anastomoses, and 
graft was uniform, and there was no evidence of turbulence. 


Fig. 3.—A, External jugular vein autograft supported by nylon net 301 days after im- 
plantation into the abdominal aorta of a dog. 

B, An unsupported external jugular vein graft implanted for 237 days. 
tion and the abrupt change in contour at the suture lines. 


Note the dilata- 


The grafts were studied at intervals by aortography, and ultimately by 
In this initial report, most of the observations have 


exploration and sacrifice. 
been derived from aortography, since the surviving animals are being studied 
for an extended period of time. 

In Group 1, the status of the grafts of external jugular vein was studied 
over a period of from 36 to 305 days (Table I). In the eight dogs with exter- 
nal support by nylon net, there was no significant dilatation nor irregularity 
of the grafts (Fig. 3, A). On the contrary, in the four dogs in which no exter- 
nal support was present there was moderate to marked irregularity in all, and 
dilatation of from 25 to 40 per cent had oeceurred (Fig. 3, B). In two dogs, 
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sacrificed at thirty-six and forty-three days, there had been little or no thicken- 
ing of the graft, whereas a 2 mm. layer of fibrous tissue had formed external to 
and through the interstices of the nylon net (Figs. 2, B, and 4). 


TABLE I. EXTERNAL JUGULAR AUTOGRAFTS IMPLANTED IN THE ABDOMINAL AORTA OF DOGS 








PERIOD 
OF OB- 
SERVA- INITIAL 
TION LENGTH | DISPROPOR- DILATA- 
(DAYS) (CM.) TION PATENCY TION CONTOUR STATUS 
36 None Complete None Regular Dead 
43 None Complete None Regular Dead 
301 None Complete None Regular Alive 
293 None Complete None Regular Al've 
291 None Complete None Regular Alive 
277 None Complete None Regular Alive 
276 None Complete None Regular Alive 
223 None Complete None Regular Alive 
305 None Complete 35 per Irregular Alive 
cent 
Slightly Complete 25 per Irregular Alive 
smaller cent 
than 
aorta 
Slightly Complete 40 per Irregular 
smaller cent 
than 
aorta 
None Complete 25 per Irregular 
cent 
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In Group 2, the pericardial grafts were observed over a period of from 2 
to 229 days (Table II). In the five dogs with external support, there was no 
significant dilatation or irregularity of the grafts (Fig. 5, A). Since one dog 
was killed at two days, no conclusions can be derived from this animal. Of 
the four dogs without nylon net, three were studied for from 40 to 229 days, 
and two showed definite dilatation and irregularity (Fig. 5, B). One dog died 
at three days from hemorrhage; a dehiscence had occurred in the vertical suture 
line of the graft. It is possible that this might not have occurred had the graft 


TABLE II. PERICARDIAL AUTOGRAFTS TO THORACIC AORTA OF DOGS 








PERIOD 
OF OB- | | 
NYLON | SERVA- 

NET TION | LENGTH | DISPROPOR- DILATA- 

USED | (DAYS) | (CM.) | TION | PATENCY TION CONTOUR STATUS 
Yes 2 : None Complete None Regular Dead 
Yes 25 %- None Complete None Regular Dead 
Yes 20 3. None Complete None Regular Dead 
Yes 221 , None Complete None Regular Alive 
Yes 215 of None Complete None Regular Alive 
No 3 ss None Complete None Regular Died 
No 40 ‘ None Small mural Dilated Irregular (hem- 

thrombus or- 
rhage ) 
Dead 
None Complete None Irregular Alive 
None Complete Dilated Irregular Dead 


| 
| 
INITIAL | | 
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been supported by the nylon net. Three grafts examined at autopsy between 
twenty and forty days revealed the same type of fibroblastic response as in 
Group 1. However, there was also noted a tendency for subintimal deposition 
of cholesterol as reported by Sako.°® 

In Group 3, the caval grafts were observed over a period from 1 to 268 
days. In none of these dogs was there noted any dilatation. In one, the 
internal contour was slightly altered due to a thrombus, and in another, there 
was complete occlusion by thrombosis at nine days. In the latter, there was a 
marked constriction of the proximal suture line. Of nine dogs studied at 
autopsy, only two were killed beyond ten days after operation. In these 
killed, at thirty-three and eighty-two days, there was the usual fibrotic thick- 
ening occurring external to the graft. 





Fig. 4.—Photomicrograph of a vein graft supported by nylon net, 43 days after implanta- 
tion. Note the position of the nylon fibers between the graft above and the investing fibrous 
tissue below. (Trichrome stain X30, reduced one-third.) 


In summary, it has been demonstrated that no significant dilatation has 
occurred in any of the thirty-four various types of grafts supported externally 
by nylon net for periods up to 301 days. Of seven control grafts studied in 
excess of thirty days, there has been moderate to marked dilatation in six. 


CLINICAL MATERIAL 


Encouraged by the tolerance of tissues to the nylon netting in the experi- 
mental animal, and realizing the wide uses of this strong, elastic material, we 
have applied it in several human patients. They are being presented, not from 
the standpoint of long follow-up, but rather to suggest practical methods of 
application under various circumstances. In addition to the investment of 
vessel grafts, we have used it to support or even compress aortic aneurysms. 
The following eases are illustrative. 
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CASE 1 (035341).—M. C., a 46-year-old physician, had experienced a sudden bowel 
obstruction necessitating colostomy elsewhere prior to his first admission in March, 1951. 
An anterior resection for carcinoma of the sigmoid, partial cystectomy, and cecostomy were 
performed. He subsequently recovered and enjoyed good health for eighteen months. He 
returned because of mild abodminal pain and passage of blood per rectum. A recurrence 
of carcinoma in the area of the resection was found on exploration, with extension into 
the retroperitoneal tissues. Consequently, only colostomy was performed. The family, 
however, demanded that another effort be made to excise the growth, which seemingly 
had not metastasized. On Nov. 24, 1952, exploration revealed that the localized tumor mass 
invested the left external iliac artery. We joined in the operation, since resection of the 


A. B. 


Fig. 5.—A, An autologous pericardial tube supported by nylon net implanted in the 
thoracic aorta of a dog for 215 days. 

B, An unsupported pericardial autograft, implanted for 206 days into the thoracic aorta 
of a dog. Note the dilatation and irregularity. 


vessel seemed necessary. A 5 cm. segment of iliae artery about which the tumor grew was 
resected, and a 4.5 em. length of left superficial femoral vein was used as a graft. A jacket 
of nylon net was sewn about the graft so as to diminish the size to match that of the 
adjacent artery. Also, it was fixed to the artery beyond the anastomoses so as to reduce 
the tension on the suture lines. Blood flow was very satisfactory. Subsequently, during 
the mobilization of the mass from the sacrum, severe bleeding from pelvic vessels neces- 
sitated packing this area and abandoning the operation. During the subsequent two weeks, 
the pack was partially withdrawn, with intermittent bleeding. On the thirteenth day after 
removal of the packs, secondary hemorrhage occurred with death of the patient. During 
the entire period the reinforced graft functioned satisfactorily, since both femoral pulses 


were strong and equal. No autopsy was performed. 
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CASE 2 (136471).—G. C., a 60-year-old white man, was admitted April 23, 1953, com- 
plaining of left flank pain of six months’ duration. Urologic studies in another hospital 
during a recent severe attack had excluded calculus, but did show angulation of the ureter. 
A pulsatile mass, felt under the lateral left costal margin, was diagnosed as saccular 
The confirming aortogram revealed 
On April 27, 1953, the aneurysm 


arteriosclerotic aneurysm of the abdominal aorta. 
a 5 em, sac, arising immediately below the renal arteries. 
was exposed through a left thoracoabdominal incision. The sac and a 7 
aorta were resected and replaced by a matching preserved aortic homograft. 
and adjacent aorta were invested snugly by a triple layer of nylon net. In addition, a 
bilateral lumbar sympathectomy was performed. Postoperative aortogram 
satisfactory patent graft. The peripheral pulses have remained strong, and the patient 


has recovered completely (Figs. 6, A, B, and C). 


em. segment of 
The graft 


revealed a 


: _Fig. 6A (Case 2).—A saccular arteriosclerotic aneurysm of the abdominal aorta originat- 
ing immediately below the renal arteries. The sac appears below the left renal vein and 
presents to the left of the aorta. 


Comment.—In these two patients, grafts were implanted as in the experi- 
mental series, with external support by nylon netting. The first patient with a 
vein graft died presumably from the same source of bleeding as that which 
necessitated the large gauze roll packing. Without an autopsy, it cannot be 
proved that the graft remained intact, but good pulses were obtained during 
the entire postoperative period. The second patient with a preserved aortic 
homograft has done very well. It is anticipated that the graft is well pro- 
tected against any possibility of the development of dilatation or aneurysm, 
such as has been observed in animals with long-term follow-up. 
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Realizing that the great strength and elastic qualities of the nylon netting 
should serve to permit safe reduction of the diameter of aneurysms by external 
compression, we have used it in two cases of aneurysm of the thoracic aorta. 


B. C. 


: Fig. 6, B and C (Case 2).—B, Appearance of the preserved aortic homograft after re- 
section of the aneurysm. The slight angulation results from extra length which was planned 
so as to reduce tension on the suture lines. 


C, The graft and adjacent aorta invested snugly by a triple layer of nylon net. 


CASE 3 (127407).—P. M., a 61-year-old white man, had noted chest pain and shortness 
of breath in 1942. Roentgenogram of the chest at that time was interpreted as being 
negative. Films in 1947 revealed a questionable fusiform aneurysm of the descending 
thoracic aorta. This diagnosis appeared more secure as subsequent films up to 1953 showed 
marked enlargement and pulsation of the mass. Increasing chest pain, shortness of breath, 
and coughing led to his admission on Jan. 30, 1953. Because of hypertension and an en- 
larged heart, he had an extensive investigation of his cardiac and renal status. He was 
digitalized because of borderline failure, and he improved preoperatively. Angiocardiogram 
revealed a very large fusiform aneurysm arising close to the subclavian artery and ending 
a few centimeters above the diaphragm. On Feb. 5, 1953, a left thoracotomy was per- 
formed. Bethune tourniquets were placed about the aorta above and below the aneurysm 
for hemostatic control. The aneurysm, measuring 18 em. in length by 12 em. in diameter, 
was completely mobilized by division of several pairs of intercostal arteries and cautious 
dissection. No serious bleeding was encountered. A square of the nylon mesh was placed 
about the aneurysm, and a row of horizontal mattress sutures were placed so as to form a 
tube about the vessel and compress the segment evenly when the sutures were tied. This 
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resembled the action of a corset on the human torso. Two additional layers were applied, 
each one a bit tighter, until the final diameter of the aneurysm was 5 cm. Although it 
was slightly angulated, the contour was smooth. External compression appeared to thicken 
the wall of the aneurysm. Because of the knots at each crossing of nylon filaments, ex- 
pansile pulsation of the aneurysm was preserved. The patient received three pints of blood 
during operation and appeared in excellent condition following surgery. However, because 
of a complete renal suppression his condition degenerated, and he died on the fourth day. 
The anuria was thought to be related to transfusion. Autopsy revealed an excellent result 
in so far as the aneurysm was concerned. All the distal vessels, including renal arteries, 
were widely patent. His history, laboratory tests, and histologic findings favored arterio- 
sclerosis as the cause of the aneurysm. 


A. B. 


Fig. 7.—A, Large fusiform syphilitic aneurysm of descending thoracic aorta. A _ small 
sacculation may be seen in the mid-portion on the left. 

B, Nylon net has been used in a triple layer to diminish the diameter of the aneurysm 
and to render effective external support. 


CASE 4 (135340).—J. S., a 52-year-old Negro, complained of throbbing pain in the left 
chest for four years. It had become constant in the three months prior to admission on 
April 22, 1953. The pain was worse when he lay on the left side, and he then noted a 
cough with whitish sputum. The blood serology was strongly positive, although the spinal 
fluid was negative. His chest film revealed a rounded 3 em. shadow projecting to the right 
of the ascending arch of the aorta, as well as a large fusiform aneurysm of the descending 
aorta, similar to that seen in Case 5. On May 12, 1953, a left thoracotomy was performed. 
The aneurysm measured 17 em. long and 12 em. wide. There were three sacculations, 2.5 
em, in diameter, one of which had occluded the bronchus to the left lower lobe. Because 
of anesthetic difficulties resulting from purulent secretions, and because of long standing 
atelectasis and consolidation, a lobectomy was performed. The aneurysm was mobilized 
and compressed by three layers of nylon mesh as in Case 3. The external contour was 
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smooth, and blood flow was unimpeded. The patient has recovered without incident, and 
is comfortable. A decision has not been reached regarding management of the smaller 
aneurysm of the ascending arch. 


Comment.—These two cases were very similar anatomically, and were 
amenable to external compression. The unfortunate death of the first patient 
was thought to be unrelated to the actual surgery of the aneurysm. This is 
supported by the uneventful recovery in the second case. In neither was 
aortic blood flow interrupted. This technique would seem to hold great promise 
in large fusiform aneurysms of the thoracic aorta. Here, resection and grafting 
is difficult and hazardous, and wiring uneertain. The use of solid film or 
woven cloth seems less desirable because of an absence or loss of elasticity 
when these materials are under stretch. If these materials begin to fragment 
there is no limiting factor such as the many knots of the nylon net. An addi- 
tional ease of aneurysm is presented in order to show still another technique. 


CaSE 5 (115279).—C. 8., a 52-year-old white man, was admitted Jan. 13, 1953, com- 
plaining of abdominal pain and constipation of four months’ duration. A pulsatile mass in 
the midabdomen was proved by aortography to be a fusiform aneurysm of the aorta, below 
the renal arteries. Other studies were not significantly abnormal. On Feb. 9, 1953, the 
aneurysm was mobilized from its bed by division of lumbar branches and sharp dissection. 
Moderate blood loss occurred from the surface of the lumbar vertebrae. The aneurysm 
was opened by an incision in the long axis after occlusion above and below with Potts’ 
coarctation clamps. The superficial wall appeared to be adequate aorta, whereas the lateral 
and posterior walls were very thin. This latter portion was oversewn, and the edges of 
good wall were approximated by means of mattress sutures of 000 silk, so as to fashion a 
new channel, 2 em. in diameter. Nylon net was then applied externally for support. 
Lumbar sympathectomy was also performed. A diffuse bleeding began from all eut sur- 
faces late in the operation and increased despite use of calcium gluconate, protamine, and 
vitamin K. A total of 11,000 ¢.c. of blood was given the day of operation, and 3,000 e.c. 
the next day. With the use of fresh blood, the bleeding lessened. On the following day, 
an additional 1,000 ¢.c. was administered with stabilization of vital signs. The prothrombin 
time was between 20 and 22.7 seconds (normal, 15 seconds) postoperatively. On Feb. 11, 
the platelet count was 65,000. In addition to receiving antibiotic drugs, the patient was 
digitalized. Nevertheless, there was a gradual deterioration with oliguria, and the patient 
died on the fifth day. The hemoglobin was then 13.6 Gm., and the white cell count was 
6,950. It was thought that at no time did the aorta play a role in the bleeding. Unfor- 


tunately, an autopsy was not obtained. 
DISCUSSION 


Nylon is the generic name for a variety of polyamide resins discovered in 
1928.18 The elasticity and tensile strength are greater than those found in 
any other commonly used textile fiber. In the field of surgery, its greatest 
use has been as a suture material.’*?*>» Experimental and elinical studies have 
shown that the nylon fiber causes little or no reaction in tissues, and appears 
to remain unchanged for many years in the human being. The monofilament 
causes less reaction than the braided form, as might be expected. Recently, 
Oppenheimer and co-workers** * have reported on sarcoma production by 
various plastic films implanted subcutaneously in cancer-susceptible rats. Up 
to 40 per cent of the animals developed sarcoma in eight to fourteen months 
when certain films were implanted. However, only one animal of a series of 
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twenty-one tested to date with nylon film showed a sarcoma. To our knowl- 

edge, no malignancy has ever been produced by nylon filament in human 

beings. The extremely low incidence of sarcoma occurring with nylon film in 

the rodents studied to date raises some question as to the actual importance of 

this finding, since sarcoma can occur in susceptible rats from implantation of 

glass cover slips, polyethylene, or cellophane.*®° Nonetheless, cellophane and 

other films have been used frequently in recent years, especially in the treat- 
ment of aneurysm. 

Nylon in the form of a fabric has been used successfully, mainly in ortho- 
pedie surgery as a joint lining.?*-*° When used in moving joints, the fabric 
has proved to be well tolerated. The use of a nylon net for the support of 
tissues has been described previously.*'** In these reports, its use was limited 
largely to the repair of hernia. The results, in general, were satisfactory. 

In regard to blood vessels, external support has been tried with autogenous 
tissues in preference to synthetic materials which would act as a foreign body. 
Sako® used fascia lata as a support to grafts in dogs. His observations of 
caval grafts reinforced by fascia extended over a period of one year, and those 
of pericardial grafts, a period of eighteen months. His results would indicate 
that, at least, for limited periods, this type of support was satisfactory. Wylie 
and associates*® also employed fascia lata for external support of major arteries 
after thromboendarterectomy and aneurysmorrhaphy with favorable results. 
Hui and Deterling** fashioned grafts of fascia lata and implanted them into the 
thoracic aorta of dogs. There was dilatation and saccular aneurysm formation, 
often multiple, in animals observed for over ten months. It seems evident 
from the inherent nature of this type of fibrous tissue that its lack of resiliency 
and elasticity favors stretching in response to a continuous pulsatile force 
over a long period of time. The same may be said of pericardial tissue. John- 
son and eco-workers’® found dilatation of venous grafts implanted in the tho- 
racic aorta, even with external support by pericardium. 

Since the long-term behavior of autogenous tissues as a buttressing mate- 
rial is open to some question, it seemed reasonable to evaluate synthetic 
material. Nylon mesh was chosen rather than a simple fabrie for several 
reasons. First, since each fiber is knotted at its crossing, there is no shearing 
of tissue growing through the interstices. Second, fibroblastic growth through 
the wide mesh permits a more secure fixation of the material to the graft. 
Third, fabricating the tubes so that there is an oblique or spiral alignment of 
the fibers to the long axis of the vessel allows simulation of the actual dis- 
position of the elastic lamellae in the aorta and major arteries.*’ The elasticity 
of the individual nylon fiber is enhanced by the nature of the weave, when so 
aligned. A two-way stretch is thus achieved, and permanent or progressive 
distortion is resisted. 

Our selection of grafts was influenced by two considerations, namely, the 
use of grafts which might dilate rapidly and reveal early differences and the 
use of a graft which might well have clinical application. The external jugu- 
lar vein and pericardial grafts represent the former, and the caval grafts, the 
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latter. In answer to our anticipations, there was a very significant dilatation 
noted within several months in 86 per cent of the unsupported grafts of jugu- 
lar vein or pericardium. No significant dilatation was observed in any of 
these same grafts, when support was afforded by nylon net. A number of 
these dogs are being observed for prolonged periods, since as long as two years 
may be necessary to show dilatation or aneurysm. This has been particularly 
true of caval autografts.* ° Nabatoff and associates found little significant 
alteration until after eighteen months, and then moderate to marked dilatation 
up to two years. After this, there was only slight change during the next year. 
Johnson and co-workers*® and Coleman** found little increase during the first 
year, possibly because of the marked thickening of the wall by fibroblastic 
activity. After eighteen months, this thickening decreases.*® Since as long as 
two years may be necessary to demonstrate significant differences in results 
with caval grafts, we cannot properly assess the value of nylon support of 
caval grafts at this time. It can be stated, however, that to date no measurable 
alteration has occurred. In time, we can compare the findings with control 
series as reported by Johnson and associates, and Nabatoff and co-workers, 
and as being carried out in our laboratory by Coleman. 

It has been noted as well that thinning, and even aneurysm formation, 
does occur after eighteen months with aortic homografts. Grindlay and Sey- 
bold noted an aneurysm in an aortic homograft implanted in a dog for one 
year.'? Pate and co-workers have found moderate thinning of lyophilized 
aortic homografts after one year.’* Deterling and associates't and Hufnagel’® 
have observed varying degrees of thinning in aortic homografts studied well 
beyond three years in dogs. These grafts had been preserved by quick freez- 
ing. Similar changes occur in fresh homografts and those preserved in a 
nutrient electrolyte solution.’* Moderate dilatation and even aneurysm for- 
mation have been noted in arterial heterografts studied for one year or 
more.!* 14 In summary, it can be stated that all tissue replacements in the 
aorta appear to undergo anatomic alterations of varying degrees in time. It 
is our hope that these ean be eliminated by means of an elastic external support. 

The desirability of smooth linear flow in blood vessel grafts has been well 
established. Schmitz and co-workers™ have shown that the incidence of vas- 
cular complications can be significantly reduced by tailoring the graft to con- 
form to the diameter of the host vessel. The nylon net provides a method of 
permanent tailoring of a graft in addition to supporting it and protecting the 
suture line by reducing tension. As a consequence, we have observed only two 
complications among thirty-four grafts supported by nylon net, and in no in- 
stance was there any dehiscence of an anastomosis. In one, complete throm- 
botie ocelusion occurred as a result of constriction of the proximal suture line. 
In the other, a small mural thrombus was noted. 

Because of its physical characteristics, the nylon net lent itself admirably 
to the external support and tailoring of vessels in which the wall had been 
damaged as a result of disease or degeneration. Our limited use of this mate- 
rial in the treatment of aortic aneurysms to date has been encouraging. For 
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maximal protection and tailoring, it is essential that the aneurysmal segment 
be completely encireled. Significant reduction in the size of certain aneurysms 
has been achieved. However, there should be a relative absence of clot and 
atheromatous degeneration of the wall, or peripheral embolism may oceur. 
Even with external support alone, there would appear to be reasonable pro- 
tection afforded. The most satisfactory form of treatment appears to be either 
aneurysmorrhaphy or excision and replacement by a graft, whenever possible. 

Several other clinical applications are suggested by our study. Preven- 
tion of dilatation following thromboendarterectomy and reduction of tension 
or disproportion at vascular suture lines are examples. We hope that the long- 
term evaluation of the uses of nylon net will be as encouraging as the results 


to date. 
SUMMARY 


Nylon in the form of tulle-woven net has been used to tailor and to provide 
external support to blood vessels and vascular grafts. This material was used 
about venous or pericardial grafts in thirty-four dogs. No significant dilatation 
was observed over a period of nine months, whereas 86 per cent of unsup- 
ported controls revealed moderate to marked dilatation during a similar 
period. The nylon net was used clinically to support vessel grafts in two pa: 
tients, and to tailor and support aortic aneurysms in three other cases. The 
results of these studies have been encouraging. 


ADDENDUM 


Since the presentation of this paper, we have had additional opportunity to use nylon 
net for external support. A long coarctation was resected in a 25-year-old man, and a 6 em. 
graft of preserved human aorta was used to bridge the defect. The lower portion of the 
graft had a greater diameter than the host aorta, and it was possible to achieve perfect 
alignment by means of a double layer of nylon net sewn about the graft and adjacent 


host aorta. 
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said that whatever is the ultimate cause, there ean be little doubt that the 
proximate mechanisms are physical, namely, the laws that govern fluids in 
motion (hydraulies). The flow of blood is dependent upon the same three fae- 
tors that control the motion of all enclosed fluids, namely, the head of pres- 
sure, the peripheral resistance, and the viscosity of the fluid itself. 

Change in the viscosity of the blood does not appear to be of significance 
in the production of ischemic necrosis under ordinary circumstances, although 
it may be of importance in the ischemia produced by exposure to profound 
cold, and possibly may be of importance in adding to the ischemia in a limb 
that is cold because of obliterative arterial disease. How this capacity for 
change in viscosity of the blood could be turned to advantage (if possible at 
all) in our efforts to form or improve the collateral arterial circulation re- 
mains obseure. 

The remaining two factors operative in hydraulics, the head of pressure 
and the peripheral resistance, must be taken into consideration as the mech- 
anisms that increase local blood flow to an extremity with cbliterative ar- 
terial disease. And they can only be considered in their relation one to the 
other. For example, gangrene may occur in the digits of a patient with 
marked hypertension while the tissues may be amply nourished when the blood 
pressure is deliberately maintained below so-called ‘‘shock’’ levels during 
hypotensive anesthesia. Given, however, a fixed peripheral resistance, the 
blood flow will vary with changes in head of pressure, and vice versa. 

Logically, then, the total blood flow to an ischemic extremity could be 
increased if the systemic pressure could be elevated without a corresponding 
increase in the peripheral resistance in the limb. The chief difficulty with this 
approach to the problem is the fact that sympathomimetic drugs that elevate 
blood pressure do it, partially at least, by peripheral vasoconstriction. There 
is evidence that ephedrine does not act directly on the effector organ but pro- 
duces its effect by inhibiting the enzymatic destruction of the substance 
liberated by adrenergic nerves,’® '* much as eserine inhibits the destruction 
of acetylcholine. If this is correct, ephedrine and similarly acting substances 
might be expected to increase the blood flow in an extremity following sympa- 
thetic ganglionectomy. The effect on the heart and vessels of the rest of the 
body would remain, but there would be no action on the denervated vessels 
in the absence of circulating adrenaline. In an isolated experiment on a pa- 
tient who had a lumbar sympathectomy for obliterative arterial disease, evi- 
dence has been observed suggesting that blood flow to the extremity was in- 
creased by such a method.® It is planned to pursue this further, although it 
is recognized that it would be inadvisable to elevate the systemic blood pres- 
sure in many patients with obliterative arterial disease. 

To date, the most practical approach to the problem of increasing blood 
flow to an extremity with obliterative arterial disease has been the attempt 
to reduce the peripheral resistance to the flow of blood, thereby, assuming a 
relatively fixed head of pressure, increasing the rate of flow. The most popu- 
lar method of doing this has been by lumbar sympathectomy, which produces 
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a permanent state of vasodilatation. On the basis of available evidence, it 
is not possible to say whether or not ganglionectomy affects the diameter of 
the collateral arteries directly. It does, however, dilate the arterioles of the 
skin and, most probably, it dilates the arteriovenous shunts. Thus, the in- 
ereased blood flow may not be all nutritive, some being shunted back into the 
venous system without traversing the capillaries, but, in any case, there is an 
increased rate of blood flow through the collateral vessels in response to the 
decrease in peripheral resistance. In dogs, this increase in rate of blood flow 
through the femoral artery was found to be twice the rate of the normally 
innervated side by Herrick, Essex, and Baldes.** Clinically, it appears that 
the nutrition of the extremity increases slowly and steadily with the passage 
of time following lumbar sympathectomy, even though the maximum rise in 
skin temperature may be found within the first forty-eight hours after opera- 
tion. It is possible that the collateral arteries dilate secondarily in response 
to an increased velocity of blood flowing through them, which may also be one 
of the important contributing factors causing the dilatation that occurs in 
the proximal artery of an arteriovenous fistula. 

Another approach to the problem of increasing blood flow to an ischemic 
extremity by decreasing the peripheral resistance to the flow of blood has 
been the use of changes in the environmental pressure. The logie of this ap- 
proach was evident in the seventeenth century. Indisputable proof, however, 
of the actual value of the method as used up to this time has been difficult to 
obtain. Passive vascular exercises have been given an extensive trial at the 
Cincinnati General Hospital during the past twenty years, but accurate ap- 
praisal of results has been handicapped in this clinic, as well as other clinics, 
by the lack of objective methods in evaluating the state of the peripheral cir- 
culation in health or disease. Clinically, some patients have been greatly 
benefited. The improvement occurred at a more rapid rate and to a far 
greater degree than could be expected by spontaneous development of col- 
lateral arterial pathways. On some patients, passive vascular exercises had 
no detectable effect and, as might be expected, in many instances it was not 
certain whether the improvement resulted from exposure to changes in en- 
vironmental pressure, the general care of the extremity, spontaneous develop- 
ment of collateral arterial pathways, or a combination of all these factors. 
The most striking improvement was noted in patients with sudden arterial 
occlusion or with obliteration of the major arteries with evidence of motor 
activity. In extremities with advanced arteriolar obliteration, significant im- 
provement cannot be expected by this method or by lumbar sympathectomy. 

Prior to World War II, a eylinder had been developed in which both 
lower limbs and the pelvis could be enclosed. It was thought that by using 
intermittent negative pressure in such a chamber more benefit could be ob- 
tained than by using the pavaex boot, which enclosed only the leg and distal 
third of the thigh. By enclosing a larger area, it should he possible to enlarge 
the collateral arterial pathways of the thigh and pelvis. Unfortunately, this 
work had to be discontinued due to the exigencies of the critical period, and 
could not be pursued further until this past year. Technical difficulties have 
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maximal protection and tailoring, it is essential that the aneurysmal segment 
be completely encircled. Significant reduction in the size of certain aneurysms 
has been achieved. However, there should be a relative absence of elot and 
atheromatous degeneration of the wall, or peripheral embolism may occur. 
Even with external support alone, there would appear to be reasonable pro- 
tection afforded. The most satisfactory form of treatment appears to be either 
aneurysmorrhaphy or excision and replacement by a graft, whenever possible. 

Several other clinical applications are suggested by our study. Preven- 
tion of dilatation following thromboendarterectomy and reduction of tension 
or disproportion at vascular suture lines are examples. We hope that the long- 
term evaluation of the uses of nylon net will be as encouraging as the results 


to date. 
SUMMARY 


Nylon in the form of tulle-woven net has been used to tailor and to provide 
external support to blood vessels and vascular grafts. This material was used 
about venous or pericardial grafts in thirty-four dogs. No significant dilatation 
was observed over a period of nine months, whereas 86 per cent of unsup- 
ported controls revealed moderate to marked dilatation during a similar 
period. The nylon net was used clinically to support vessel grafts in two pa- 
tients, and to tailor and support aortic aneurysms in three other cases. The 
results of these studies have been encouraging. 


ADDENDUM 


Since the presentation of this paper, we have had additional opportunity to use nylon 
net for external support. A long coarctation was resected in a 25-year-old man, and a 6 em. 
graft of preserved human aorta was used to bridge the defect. The lower portion of the 
graft had a greater diameter than the host aorta, and it was possible to achieve perfect 
alignment by means of a double layer of nylon net sewn about the graft and adjacent 


host aorta. 
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EVALUATION OF FACTORS WHICH INFLUENCE THE CIRCULATION 
IN EXTREMITIES WITH OBLITERATIVE ARTERIAL DISEASE 


JOHN J. CRANLEY, M.D., Louis G. HERRMANN, M.D., AND 
ROSAMUNDE M. PREUNINGER, PH.D., CINCINNATI, OHIO 


(From the Department of Surgery of the College of Medicine, University of Cincinnati, and 
the Lucie Rawson Laboratory for Vascular Research of the Cincinnati General Hospital) 


PATIENT complains of pain in the calves of the legs that is brought on 

by walking and is relieved by standing still. No other symptoms ean be 
elicited. On examination, the feet and legs are warm and dry. The texture 
of the skin is good, and there is atrophy neither of the subcutaneous tissue nor 
of the muscles. Pallor does not appear when the feet are elevated above the 
level of the heart nor is there rubor of the toes on pendency. The arterial 
circulation of the legs and feet appears to be adequate and, barring injury or 
infection, there is no danger of gangrene. The pulses, however, are not pal- 
pable below the aorta. 

This is a clinical picture not infrequently encountered in practice. If 
those patients in whom the occlusion starts in the common femoral artery are 
ineluded, it is quite common. 

When treating such patients, a clear distinction must be made between 
the pathologie process within the major arteries and the over-all arterial blood 
supply of the extremity. Pathologically, arteriosclerosis obliterans is con- 
sidered an irreversible, progressive process that encourages intra-arterial 
thrombosis and terminates with complete obliteration of the involved arteries. 
Granted that the clinician may be unable to halt the progressive obliteration 
of the major arteries, he can do a great deal to safeguard and actually im- 
prove the over-all circulation of the extremity, since in most cases the second- 
ary or collateral arteries are not significantly involved by this degenerative 
process of the major arteries. 

Just as, when treating an elderly patient with a fractured humerus, the 
orthopedic surgeon is more concerned with the functional result than with 
the anatomic result as demonstrated by an x-ray film,* so too the clinician 
treating a patient with obliterative arterial disease must focus his attention 
on the stimulation of the collateral arterial circulation rather than on the 
underlying pathologie process affecting the major arteries. 

Although pathologically irreversible, major arterial obliteration results in 
gangrene only if the collateral arteries are insufficiently developed to provide 
the necessary nourishment. Therefore, the clinician should direct the therapy 
toward improving the efficiency of the secondary circulation, and in this way 
N. t ie a eee annual meeting of the Society for Vascular Surgery, New York, 
white he salts tae tak ae ak at Ge ee, oe noe shaer paar altgeanen of tne fragments 
while the patient has regained tolerable or even full use of the involved extremity. 
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relieve symptoms of ischemia and prevent the occurrence of gangrene, rather 
than attempt to remove a localized obstruction in the major arterial system 
which is diffusely involved in the obliterative process. 

Collateral arteries may be defined as accessory macroscopic secondary ar- 
teries that are in continuity, directly or indirectly, with the major arterial 
trunk proximally and, sometimes, distally. When fully developed, these ves- 
sels form an extensive network that can be visualized radiographically (Fig. 
1). As previously stated, there is clinical proof that these vessels can main- 
tain the circulation in spite of complete occlusion of the major arteries to the 
extremity. It is, however, not easy to furnish objective proof that any form 
of therapy directly stimulates the formation of new pathways or enlarges 
those which are already present. Nor can we clearly identify the mechanisms 
responsible for this development when it oceurs. 





Fig. 1.—Radiograph demonstrating the extent of the collateral arterial circulation in 
the foot of a patient who had complete obliteration of the major arteries: This patient had 
been treated by pavaex for 106 hours. (From Herrmann, L. G.: Passive Vascular Exercises, 


J. B. Lippincott Company. ) 


In general, it may be said that there are two basic schools of thought con- 
cerning the ultimate stimulus for development or improvement of the col- 
lateral arterial circulation. One group believes that the stimulus comes from 
the accumulation of tissue metabolites in the area of the body in which the 
circulation is diminished.* ** °° The other group teaches that practically all 
changes in the arterial tree secondary to ischemia may be explained in purely 
physical terms.?*-2> Without entering into this controversy, it can safely be 
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said that whatever is the ultimate cause, there ean be little doubt that th 

proximate mechanisms are physical, namely, the laws that govern fiuids in 

motion (hydraulics). The flow of blood is dependent upon the same three fae- 

tors that control the motion of all enclosed fluids, namely, the head of pres- 
sure, the peripheral resistance, and the viscosity of the fluid itself. 

Change in the viscosity of the blood does not appear to be of significance 
in the production of ischemic necrosis under ordinary circumstances, although 
it may be of importance in the ischemia produced by exposure to profound 
cold, and possibly may be of importance in adding to the ischemia in a limb 
that is cold because of obliterative arterial disease. How this capacity for 
change in viscosity of the blood could be turned to advantage (if possible at 
all) in our efforts to form or improve the collateral arterial circulation re- 
mains obseure. 

The remaining two factors operative in hydraulics, the head of pressure 
and the peripheral resistance, must be taken into consideration as the mech- 
anisms that increase local blood flow to an extremity with obliterative ar- 
terial disease. And they can only be considered in their relation one to the 
other. For example, gangrene may occur in the digits of a patient with 
marked hypertension while the tissues may be amply nourished when the blood 
pressure is deliberately maintained below so-called ‘‘shock’’ levels during 
hypotensive anesthesia. Given, however, a fixed peripheral resistance, the 
blood flow will vary with changes in head of pressure, and vice versa. 

Logically, then, the total blood flow to an ischemic extremity could be 
increased if the systemic pressure could be elevated without a corresponding 
increase in the peripheral resistance in the limb. The chief difficulty with this 
approach to the problem is the fact that sympathomimetic drugs that elevate 
blood pressure do it, partially at least, by peripheral vasoconstriction. There 
is evidence that ephedrine does not act directly on the effector organ but pro- 
duces its effect by inhibiting the enzymatic destruction of the substance 
liberated by adrenergic nerves,'® 1‘ much as eserine inhibits the destruction 
of acetylcholine. If this is correct, ephedrine and similarly acting substances 
might be expected to increase the blood flow in an extremity following sympa- 
thetic ganglionectomy. The effect on the heart and vessels of the rest of the 
body would remain, but there would be no action on the denervated vessels 
in the absence of circulating adrenaline. In an isolated experiment on a pa- 
tient who had a lumbar sympathectomy for obliterative arterial disease, evi- 
dence has been observed suggesting that blood flow to the extremity was in- 
creased by such a method.® It is planned to pursue this further, although it 
is recognized that it would be inadvisable to elevate the systemic blood pres- 
sure in many patients with obliterative arterial disease. 

To date, the most practical approach to the problem of increasing blood 
flow to an extremity with obliterative arterial disease has been the attempt 
to reduce the peripheral resistance to the flow of blood, thereby, assuming a 
relatively fixed head of pressure, increasing the rate of flow. The most popu- 
lar method of doing this has been by lumbar sympathectomy, which produces 
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a permanent state of vasodilatation. On the basis of available evidence, it 
is not possible to say whether or not ganglionectomy affects the diameter of 
the collateral arteries directly. It does, however, dilate the arterioles of the 
skin and, most probably, it dilates the arteriovenous shunts. Thus, the in- 
creased blood flow may not be all nutritive, some being shunted back into the . 
venous system without traversing the capillaries, but, in any ease, there is an . 
increased rate of blood flow through the collateral vessels in response to the 
decrease in peripheral resistance. In dogs, this increase in rate of blood flow 
through the femoral artery was found to be twice the rate of the normally 
innervated side by Herrick, Essex, and Baldes.*! Clinically, it appears that 
the nutrition of the extremity increases slowly and steadily with the passage 
of time following lumbar sympathectomy, even though the maximum rise in 
skin temperature may be found within the first forty-eight hours after opera- 
tion. It is possible that the collateral arteries dilate secondarily in response 
to an inereased velocity of blood flowing through them, which may also be one 
of the important contributing factors causing the dilatation that oceurs in 
the proximal artery of an arteriovenous fistula. 
Another approach to the problem of increasing blood flow to an ischemic 
extremity by decreasing the peripheral resistance to the flow of blood has 
been the use of changes in the environmental pressure. The logie of this ap- 
proach was evident in the seventeenth century. Indisputable proof, however, 
of the actual value of the method as used up to this time has been difficult to 
obtain. Passive vascular exercises have been given an extensive trial at the 
Cincinnati General Hospital during the past twenty years, but accurate ap- 
praisal of results has been handicapped in this clinic, as well as other clinies, 
by the lack of objective methods in evaluating the state of the peripheral cir- 
culation in health or disease. Clinically, some patients have been greatly 
benefited. The improvement occurred at a more rapid rate and to a far 
greater degree than could be expected by spontaneous development of col- 
lateral arterial pathways. On some patients, passive vascular exercises had 
no detectable effect and, as might be expected, in many instances it was not 
certain whether the improvement resulted from exposure to changes in en- 
vironmental pressure, the general care of the extremity, spontaneous develop- 
ment of collateral arterial pathways, or a combination of all these factors. 
The most striking improvement was noted in patients with sudden arterial 
occlusion or with obliteration of the major arteries with evidence of motor 
activity. In extremities with advanced arteriolar obliteration, significant im- 
provement cannot be expected by this method or by lumbar sympathectomy. 
Prior to World War II, a eylinder had been developed in which both 
lower limbs and the pelvis could be enclosed. It was thought that by using 
intermittent negative pressure in such a chamber more benefit could be ob- 
tained than by using the pavaex boot, which enclosed only the leg and distal 
third of the thigh. By enclosing a larger area, it should be possible to enlarge 
the collateral arterial pathways of the thigh and pelvis. Unfortunately, this 
work had to be discontinued due to the exigencies of the critical period, and 
eould not be pursued further until this past year. Technical difficulties have 
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been encountered, and it is impossible to say at this time whether or not this 
method will prove to be of practical value. Preliminary observations, how- 
ever, suggest that it may be more effective than the application of alterations 
of environmental pressure only to the distal half of an extremity. 

Clinically, the use of intermittent venous occlusion, while of no apparent 
benefit to patients with chronic arterial insufficiency, seems to be of value in 
the treatment of acute arterial insufficiency. This is in accord with the find- 
ings of Collens and Wilensky*®°* and Linton.** On the other hand, Gregg. 
Pritchard, and Shipley*® and Thompson® have demonstrated that this pro 
cedure does not increase the rate of blood flow to the limb of the experimenta! 
animal. This apparent discrepancy may be explained by the fact that the 
nutrition of the tissues, which is the primary concern of the clinician, is af- 
fected by other factors in addition to the rate of blood flow. Distention of 
the capillaries with blood and the length of time the blood remains within 
the capillary loops are factors that likewise must be considered. 

Landis*® ** has demonstrated that human eapillary pressure is directly 
related to venous pressure. Reduction of the venous pressure in the limb 
with obliterative arterial disease by elevation causes the capillaries to empty 
within a short period of time, as is evidenced by the appearance of a cadaveric 
eolor. In order for the capillaries to be filled, the total inflow of blood must 
approximate total outflow. Obviously, this is impossible when the limb with 
arterial insufficiency is elevated, because the capacity of the veins to drain 
the capillaries is relatively normal while the function of the arterial system 
has been reduced to a fraction of its normal capacity by the obliterative 
process. The capillaries, however, are engorged when the limb is pendent. 
In all probability, this gravitational drainage when the limb is elevated ac- 
counts for the pain that so frequently occurs in the toes and metatarsal areas 
of the foot when a patient with advanced obliterative arterial disease rests 
in bed. The relief of pain that is obtained when he sits, stands, or elevates the 
head of the bed is probably due to the fact that the capillaries are filled with 
blood caused by elimination of the gravitational effect on the venous outflow. 
Accordingly, it seems reasonable to conclude that the engorgement of the 
capillaries by intermittent venous occlusion, even though the over-all rate and 
volume of arterial blood remain the same or are diminished, permits a greater 
transfer of nutritive products to the tissues than when the capillaries are 
practically empty. 

Before considering the merits of the individual vasodilator drugs in the 
treatment of peripheral obliterative arterial disease, it is worth while to re- 
view some of the variables that make proper evaluation of any type of therapy 
for this condition very difficult. 

The first variable is the nature of the disease. Contrary to popular opin- 
ion, the clinical course of the disease is not a straight-line progression and 
does not inevitably lead to gangrene. True, the pathologic process within the 
major arteries progresses toward complete obliteration of the artery, but this 
is a stepwise rather than an uninterrupted march. In fact, at any time the 
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total effective blood flow may level off or even improve as the collateral path- 
ways enlarge. Since it is frequently impossible to distinguish between the 
improvement that occurs spontaneously and that which results from treatment, 
it is hazardous to attribute improvement to a specific agent or method of treat- 
ment being used at that time. Furthermore, a patient is usually given the 
benefit of several forms of therapy simultaneously, and there is a tendency 
to minimize the contribution made by the collateral efforts and to maximize 
the benefit of the particular agent in which the clinician happens to be in- 
terested. For example, it is easy to underestimate the value of careful foot 
hygiene and bed rest and to overemphasize benefit obtained from various vaso- 
dilator drugs. 

The second variable is the fact that the degree of the disease, whether 
maximal or minimal, must be taken into consideration when trying to produce 
vasodilatation in the lower extremities. Even in normal subjects, it is more 
difficult to effect vasodilatation in the toes than in the fingers.’ 2% *° This can 
be noted when the body is warmed to produce vasodilatation in the extremi- 
ties and also when a drug such as nicotinie acid or its derivatives is used. It 
produces a subjective sensation of warmth in the face and upper extremities 
but has no significant vasodilator action on the arterioles of the normal lower 
extremity.** 

The difficulty in producing vasodilatation in the lower extremities is 
greatly magnified in the presence of obliterative arterial disease. Elkin and 
Cooper’ noted no rise in skin temperature or digital pulsations of toes with 
obliterative arterial disease, even though the more normal opposite extremity 
did show evidence of improved arterial circulation when Priscoline was ad- 
ministered. Indeed, patients with advanced obliterative arterial disease of 
the lower extremities have been observed in whom the temperature of the toes 
could not be elevated by immersion of the hands and forearms in water at 
107° F. for two hours, or after blocking the tibial nerve at the ankle with 
proeaine.2 Only following lumbar sympathectomy were significant rises in 
skin temperature noted. This demonstrates clearly the inherent difficulty of 
producing vasodilatation in the extremity with obliterative arterial disease 
and should underscore the skepticism with which must be viewed claims of 
improved circulation in such patients following the use of various vasodilator 
drugs. 

Still another factor to be borne in mind is the possible harmful effects of 
any agent that produces a generalized vasodilatation on a patient with ad- 
vaneed obliterative arterial disease of the lower extremities. If the agent is 
efficient enough to dilate the blood vessels, it will have its maximum effect on 
those areas of the body in which the vessels are more nearly normal, and a 
minimal effect on the area in which the greatest effect is desired. In fact, 
the inability of the vascular bed of the diseased extremity to expand in pro- 
portion to the more normal areas of the body may bring about a detrimental 
shifting of blood.*® 

Another important variable is the part played by local bacterial infection, 
if present. The growth of bacteria competes with the tissues for the available 
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oxygen; if it is uncontrolled, the tissues will be deprived of the previously 
adequate, although greatly reduced, nourishment. On the other hand, a near- 
gangrenous toe may become perfectly viable following elimination of the in- 
fection. No one underestimates the value of properly selected antibiotic sub- 
stances in the treatment of such infections but, again, the real benefit of the 
bed rest is frequently overlooked. As an illustration, a case is briefly pre- 


sented. 


An 80-year-old man with advanced obliterative arterial disease of the lower extremities 
was seen in consultation. There were no palpable pulses below the femoral arteries, and the 
left great toe was swollen and erythematous except for the distal third, which was covered 
with black and gray purulent material. He had had his great toenail removed, and the tissues 
became infected. The problem appeared to be whether or not a supracondylar amputation 
would be necessary, or whether it might be possible to remove the toe and the head of the 
first metatarsal. He was admitted to a hospital and treated by bed rest and warm saline 
compresses every six hours for two days while awaiting the laboratory report of the type 
of organisms grown on culture. The saline compresses were then omitted. By the time the 
report was obtained, in seventy-two hours, all swelling and erythema had disappeared. The 
toe was dry and the nail bed was covered by a dry eschar. Improvement continued, and he 
was instructed in active vascular exercise and discharged from the hospital in seven days. 


Had antibiotic substances been used, the dramatic improvement would 
certainly have been attributed to them. 

Finally, clinical evaluation of therapeutic improvement on the basis of 
subjective testimony by the patient is likely to be woefully misleading. In 


this connection, it would be interesting to note that in an unpublished study 
of the effectiveness of a vasodilating agent in the treatment of patients with 
obliterative arterial disease of the lower extremities, no correlation could be 
found between subjective improvement as reported by the patient and objec- 
tively measured increased functional capacity, that is, increased ability to 
walk continuously at a controlled rate, the ability of muscles of an individual 
extremity to contract against an increasing resistance, changes in the skin 
temperature, or amplitude of the digital pulsation of the toes under controlled 
conditions.'° 

3eing aware of these pitfalls, a careful review of the literature was made 
for objective evidence that would demonstrate whether or not the various 
vasodilating drugs can produce their effect on vessels of the human lower ex- 
tremity with obliterative arterial disease. Since clinical evaluation is so un- 
certain, attention was directed to those investigations in which laboratory 
methods were used. True enough, the laboratory methods themselves at times 
are open to criticism but, under certain conditions, some positive information 
ean be obtained which is more trustworthy than clinical impressions alone. 

For ease of presentation, the drugs will be divided into three groups. 
The first includes those drugs which may have a vasodilating effect on the 
vessels of some portions of the body, but which have no effect, or an insig- 
nificant effect, on the circulation of the normal lower extremity, and therefore 
could not be expected to be effective in the treatment of obliterative arterial 
disease in lower extremities. This group includes: papaverine, pancreatic 
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extracts, calcium gluconate, thiamine hydrochloride, dioxyline phosphate, nico- 
tinie acid, Roniacol Tartrate, aminophylline, “SKF 688 A,*” sodium salicylate, 
hypertonic saline solution, and ACTH.?” 1% 76 3% 4% 44 53, 55 

The second group includes drugs which produce vasodilatation in the nor- 
mal lower extremity but which have an inconstant or insignificant effect on 
the vessels of lower extremities with obliterative arterial disease. Alcohol, 
Priscoline, the tetraethylammonium ion, and hexamethonium ion are drugs of 


this type. 

The third group includes histamine (intra-arterial) and the estrogenic 
hormones, which may have a beneficial effect on the circulation of the ex- 
tremities with advanced obliterative arterial disease by a mechanism that is 
as yet not completely understood. 

By means of an ingenious animal preparation, Siems and Rottenstein® 
demonstrated that ethyl aleohol produces vasodilatation in the extremity by 
a central action mediated through the vasomotor nerves. Horton, Roth, and 
Adson?’ noted that a given dose of ethyl alcohol has a more marked effect on 
the vessels of the face and upper extremity than on the vessels of the lower 
extremity in man. Several investigators have observed that its effectiveness 
is significantly diminished in extremities with obliterative arterial dis- 
ease.2: 7 27, 54 

Priscoline, acting peripherally,®” °° produces vasodilatation in the normal 
lower extremity.’ 14 1% 97 44 55.63 Tts effeet, however, is diminished or is ab- 
sent in patients with obliterative arterial changes depending on the degree and 
advanced nature of the obliterative process.’ 11° Elkin and Cooper™ and 
Murphy, McClure, Cooper, and Crowley** noted that Priscoline is not nearly 
as effective as novocain block of the posterior tibial nerve in producing vaso- 
dilatation in the lower extremity. Van Itallie and Clarke®* found body heat- 
ing and Priscoline roughly comparable in their effects on blood flow. Rotten- 
stein and associates®* concluded that the digital cutaneous blood flow produced 
by Priscoline was about one-half that produced by a combination of heat and 
food. It has been demonstrated" that body heating is ineffective in com- 
parison with block of the tibial nerve or lumbar sympathetic ganglionectomy 
in producing vasodilatation in lower extremities with obliterative arterial dis- 
ease. 

The tetraethylammonium ion produces generalized vasodilatation and in- 
creases the rate of blood flow in the lower extremity as measured by the ve- 
nous-oeelusion limb plethysmograph.”® It has a powerful effect on the auto- 
nomie ganglia’ and has more recently been shown to have a peripheral vaso- 
dilator action also.°* Its effectiveness, however, in lower extremities with 
obliterative arterial changes is undependable and inadequate when compared 
with block of the tibial nerve.** 47 The hexamethonium ion is also a powerful 
blocking agent of sympathetic ganglia and produces vasodilatation in the 
normal lower extremity, but it is much less effective in an extremity with 


*N-phenoxyisopropyl-n-benzyl-B-chlorethylamine hydrochloride. 
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obliterative arterial changes.’ **°" With either of these chemical agents, a 
profound fall in blood pressure may occur, causing a deleterious shifting of 
blood away from the extremity in which the increase in blood flow is desired. 
Mufson* has advocated the use of intra-arterial histamine in the treat- 
ment of obliterative arterial disease of the lower extremities. He noted sig- 
nificant clinical improvement following its use, and his findings were con- 
firmed by the studies of Dixon, Seott, and Epstein'® and Mackey.** As a 
means of testing its effect objectively, Mufson used changes in skin tempera- 
ture of the toe and the accumulation of radioactive sodium in the extremity 
following its injection into an arm vein as the chief criteria of effectiveness. 
He recorded skin temperatures by noting the local differences and correcting 
them to the spontaneous changes in the opposite leg. For example, if there is 
a local rise of 1° C. on the foot being treated and a drop of 2.0° C. on the eon- 
trol foot, the final change on the treated side is recorded as +3° C. Mufson 
stated that this timesaving method obviates the necessity for controlled 
temperature rooms. This method is definitely open to criticism. It would 
seem that the change in local temperature of the treated extremity is the im- 
portant thing to be observed and for this change to have meaning, the loeal 
environment, at least, must be controlled. This method multiplies by three 
the effect of the drug on the extremity being treated in the example given. 
The measurement of the local accumulation of radioactive sodium in the 
diseased extremity as a measure of blood flow appears to give valid informa- 
tion when the results are negative, but the data must be interpreted with 
saution when a positive effect is shown. Mufson**® ** noted no change in radio- 
active sodium uptake after the administration of papaverine (16 mg.), tetra- 
ethylammonium chloride (500 mg.), aminophylline (200 mg.), and hypertonic 
saline solution. It ean be said with confidence, then, that these agents caused 
no significant alteration in the local blood flow. However, an increase in radio- 
active sodium uptake following the intra-arterial injection of histamine does 
not necessarily indicate an increased rate of blood flow to the area of the ex- 
tremity being measured, because the effect might be produced by any one of, 
or a combination of, three factors, namely, an increased rate of blood flow 
through the arterioles, increased capillary permeability, or increased venous 
stasis. Lewis** stressed the fact that the direct action of histamine is on the 
‘*minute’’ vessels, which he defines as the most distant arterioles, capillaries, 
and venules. The arterioles he spoke of are not the arterioles containing a 
large muscular coat, which is usually referred to in the American literature. 
Weiss, Robb, and Ellis** * concluded that histamine has a greater effect on 
the veins and venules of man than on the arterioles and capillaries. They 
pointed out that the flush following injection of histamine may be due to en- 
gorgement of the subpapillary venules and to a lesser degree of the capillary 
bed. Stead and Warren®® have demonstrated that histamine intra-arterially 
increases the capillary permeability in man. As in the case of intermittent 
venous occlusion and estrogenic hormones, this capillary dilatation may be 
beneficial to certain patients with advanced obliterative arteriolar disease. 
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Dixon, Scott, and Epstein’* noted a striking similarity between the hemo- 
dynamic response to intra-arterial histamine and to the establishment of an 
arteriovenous fistula, and discussed the possibility that the effect of intra- 
arterial histamine is to open the arteriovenous shunts, thus promoting de- 
velopment of the collateral circulation. Certainly, all will agree that any 
method offering such promise should be investigated more fully. Neverthe- 
less, that collateral vessels will develop in response to an agent the action of 
which is extremely transitory and a substance which is almost immediately 
destroyed in the body taxes the imagination somewhat. 

Estrogenic hormones have been shown to cause dilatation of the capillaries 
in animal experiments.*” ** *° >? This dilating action is presumably due to 
the liberation of acetylcholinelike compounds in the tissues.*! The hormones 
have been found to be effective in preventing gangrene produced by the ad- 
ministration of ergot to female rats.?? °% 4% 48: 52, 6° However, these observa- 
tions were not confirmed by all investigators of the substances.”® ** *! In the 
human being, color changes in the digits following administration of synthetic 
estrogens suggest that the minute venules and capillaries are dilated, but 
laboratory evidence that the rate of blood flow is increased following ad- 
ministration of the hormone is lacking.’ Clinically, injection of the synthetic 
hormone (estradiol dipropionate), in doses of 1 mg. intramuscularly three 
times a week, seems to be of some value in the treatment of some patients with 
advanced arteriolar disease in whom neither lumbar sympathetic ganglionec- 
tomy nor passive vascular exercises have a significant beneficial effect. A 
possible explanation is that the tissues receive more oxygen when the blood 
remains in the capillaries for a longer period of time than when the eapillaries 
are collapsed. This explanation is similar to the one proposed for the ap- 
parent value of intermittent venous ocelusion and might also explain the elini- 
eal improvement noted following intra-arterial administration of histamine. 
Indisputable proof, however, of the value of estrogenic hormones in the treat- 
ment of patients with obliterative arterial disease of the lower extremities is 
yet to be forthcoming. 

DISCUSSION 


When evaluating the efficacy of various medicaments for the treatment of 
obliterative arterial disease in the lower extremity, it is necessary to keep in 
mind some of the pitfalls that are likely to lead to erroneous conclusions. 
In the first place, vasomotor tone is higher in the lower extremity than in the 
upper extremity or in the face. Therefore, flushing of the face or hands must 
not be taken as evidence that the particular chemical produces vasodilatation 
in the feet. Second, it is much more difficult to bring about vasodilatation in 
the extremity with obliterative arterial disease than in the normal extremity. 
That is why a drug may appear to be highly effective when tried on normal 
extremities and have an inconstant or negligible effect on the circulation of a 
diseased extremity. Third, any method, physical or medicinal, that produces 
widespread vasodilatation will have a greater effect on those areas of the body 
in which the blood vessels are more nearly normal than in an extremity with 
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obliterative arterial disease and, if the blood pressure cannot be maintained 
in the presence of a reduced peripheral resistance to the flow of blood to the 
rest of the body, a marked shift of blood away from the extremity under treat- 
ment may occur. It is true that the blood flow may be increased to all parts 
of the body simultaneously in the normal individual and for brief periods in 
the patient with generalized arteriosclerosis obliterans,’ yet it seems most un- 
likely that it will ever be possible to produce a long-lasting vasodilatation in 
an extremity with advanced obliterative arterial disease by any method that 
causes widespread vasomotor paralysis. 

Clinically, patients with obliterative arterial disease of the lower extremi- 
ties may be divided in two groups. In one group are those who have sufficient 
symptoms and signs to establish the diagnosis but whose over-all circulation 
is adequate and who are in no immediate danger of gangrene. The second 
group includes those who have advanced obliterative arterial disease and 
whose limbs are in a precarious state. It is almost impossible to evaluate the 
benefit derived from any particular agent in the treatment of patients in the 
first group on clinical grounds alone, because of the many variables mentioned 
previously. It is the patients of the second group, the critical cases which re- 
quire a highly potent therapeutic agent, that we are considering here, and it 
is in these instances that the various vasodilating: medicaments under dis- 
cussion are so completely ineffectual. Certainly, there is no medicinal agent 
currently available whose effectiveness in producing vasodilatation in the ex- 
tremity with obliterative arterial disease can approach that of lumbar sympa- 
thetic ganglionectomy. 

SUMMARY AND CONCLUSIONS 


1. The existence of patients with minimal evidence of arterial insufficiency 
despite complete occlusion of the major vessels of the lower extremity demon- 
strates the potential efficiency of the collateral arterial circulation and demon- 
strates as well that, clinically speaking, arteriosclerosis obliterans does not 
invariably lead to complete ischemia, but, instead, the circulation of the limb 
may even improve as the collateral circulation is developed. Since this is so, 
it seems best to direct the attention to methods of increasing the efficiency of 
the collateral circulation rather than to attempts to remove or by-pass loecal- 
ized areas of obstruction in an arterial tree which is diffusely involved in the 
obliterative process. 

2. The proximate mechanisms affecting blood flow to an extremity are 
concerned with the laws of hydraulics and are governed by the head of pres- 
sure, peripheral resistance, and the viscosity of the blood. 

3. At the present time, attempts to decrease the peripheral resistance to 
the flow of blood offer the greatest promise in the treatment of the patient 
with obliterative arterial disease of the lower extremities. 

4. It is more difficult to produce vasodilatation in the normal lower ex- 
tremity than in the normal upper extremity, and most difficult to bring about 
rasodilatation in the extremity with obliterative arterial disease. This ex- 
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plains why the various vasodilating agents under discussion are ineffectual 
in the treatment of patients with advanced obliterative arterial disease of 


the lower extremities. 

5. Intermittent venous occlusion, intra-arterial histamine, and estrogenic 
hormones may be of some value in the treatment of certain cases of oblitera- 
tive arterial disease of the lower extremity, possibly due to engorgement of 


the capillaries with blood. 

6. There is clinical evidence that passive vascular exercises are of definite 
benefit to some patients with obliterative arterial disease, and it may be pos- 
sible to increase the effectiveness of this type of therapy by enclosing a greater 
area of the body within the negative pressure chamber. 

7. Lumbar sympathetic ganglionectomy is the most effective means avail- 
able for the production of a long-acting peripheral vasodilatation in patients 
with obliterative arterial disease of the lower extremity. This vasodilatation 
selectively reduces the resistance to the flow of blood in the area of the body 
in which an increased blood flow is most needed. At the present time, it can- 
not be said whether or not it affects the collateral arteries directly, but there 
is clinical evidence that the nutrition of the tissues improves significantly with 
the passage of time following operation. Thus, it is most probable that in 
some way it favors the development of the collateral arterial circulation. 
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HE patient with disabling rheumatic heart disease may have one or more 

of the cardiac valves involved in such a way as to interfere with function. 
At the present time, stenosis of the mitral and aortic valves can be attacked 
surgically with considerable success. The problem of mitral stenosis was first 
extensively investigated one-quarter of a century ago by Cutler, Levine, and 
Beck.* Their efforts were abandoned because of an early high mortality. 
There have been many advances in surgery and anesthesia since that time. 
The concept of avoiding regurgitation by opening the fused commissures of 
the mitral valve by finger fracture or with a knife, as advocated by Bailey? 
and Harken,’ rather than by cutting away a portion of the valve has un- 


doubtedly been the major contribution in the procedure currently used. 

More recently a similar concept has been applied to the aortie valve.‘ 
The two problems will be discussed separately. Regurgitation of these valves 
is still a major problem, and it is being investigated by several workers. 


MITRAL STENOSIS 


The Selection of Patients—The problem of selecting patients for mitral 
commissurotony has been investigated by many eardiologists. The difficulty of 
deciding whether or not a given patient should be subjected to mitral surgery 
varies widely among individual patients. The decision may be quite easy in 
young patients with obvious signs of “pure” mitral stenosis and with severe 
symptoms. The difficulty increases when it is necessary to evaluate the effects 
of other factors which complicate the problem in many patients. Certain of 
these complicating factors will be discussed. 

1. Age in itself should not contraindicate operation when the patient has 
significant disability arising primarily from mitral valvular obstruction. The 
risk is naturally greater in older patients, but the benefits achieved have been 
worth while in many instances. Our oldest patient was 62 years of age, and 
has had one of the best results in the series. 

2. Most eardiologists agree that patients with rheumatic activity should 
not be operated upon. Activity, however, may be difficult to recognize. We 
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believe that any vague illness in patients with rheumatic heart disease should 
be considered as evidence of activity until proved otherwise. Febrile epi- 
sodes, joint or muscle pains, fatigue, malaise, and anorexia are all possible 
manifestations of activity. A sudden increase in the degree of cardiac dis- 
ability may represent rheumatic activity. The most useful laboratory indica- 
tion is an increased sedimentation rate not otherwise explained. 

3. An important question is whether or not surgery should be considered 
in the presence of congestive failure. Most patients with severe congestive 
failure, which persists despite extensive medical therapy, are unlikely to be 
helped by operation and usually fail to survive it. Occasionally, however, 
such patients are improved. It is, therefore, difficult in an otherwise hopeless 
situation to deny a patient whatever small chance operation offers. 

4. The presence of a loud apical systolic murmur suggests the possibility 
of predominant mitral insufficiency, but does not guarantee its presence. Often, 
despite this auscultatory finding, the patient proves to have severe stenosis 
and derives a great benefit from simple commissurotomy. Various workers 
are attempting to develop methods for correcting severe mitral insufficiency, 
but at present these must be considered experimental. Most cardiologists 
strive to exclude from operation those patients whose lesion is predominantly 
mitral incompetence. This has been difficult to do by the ordinary methods of 
physical examination and standard roentgenographie studies. Various tech- 
niques have been tested in an attempt to determine whether or not mitral 
stenosis predominates. In our hands, angioeardiography has been most help- 
ful in assessing the relative severity of stenosis and insufficiency.® A charac- 
teristic pattern of opacification has been recognized for pure mitral stenosis 
of a severe degree, and a different angiocardiographie pattern has been found 
in the presence of a “wide-open” valvular insufficiency. In pure mitral steno- 
sis the left atrium remains sharply outlined and densely opacified for a long 
period, whereas the left ventricle is poorly opacified and small. In severe 
mitral incompetence, the left atrium and left ventricle are equally opacified 
and the left ventricle is enlarged. Such findings help to decide the significance 
of the apical systolic murmurs in many instances. Unfortunately, the angio- 
eardiographie pattern occasionally lies somewhere between the two extremes, 
and a decision may be difficult. 

At operation, the finding of a regurgitant jet does not necessarily indicate 
that the result of commissurotomy will prove unsatisfactory. The relative size 
of the mitral opening, and not the actual size, is the important factor. Thus, 
in several patients with strong regurgitant jets, when the actual size of the 
opening was not small, great improvement has resulted from further increas- 
ing the opening, making it correspond more closely to the size of the enlarged 
heart. Had we used one of the procedures for correction of mitral insuffi- 
ciency, we would have credited it with the good result, whereas simple com- 
missurotomy was the only procedure employed. 

5. Disease of other valves complicating mitral stenosis was formerly con- 
sidered an absolute contraindication to operation. At present, when aortic 
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stenosis complicates mitral stenosis, it may be dealt with surgically at the 
same time. Its preoperative recognition may be difficult, since severe mitral 
obstruction reduces the intensity of the aortic murmur. One of our patients 
early in the mitral series died because no significant aortic systolic murmur 
could be heard until postoperatively, after the mitral valve had been opened. 
This is no longer a problem since we have adopted routine palpation of the 
aorta after mitral commissurotomy to determine the presence of a systolic 
thrill. 

Aortie insufficiency is a more difficult problem. Patients with mitral 
stenosis and mild degrees of aortic incompetence usually benefit from mitral 
commissurotomy. If the aortic regurgitation is of a degree sufficient to cause 
a widened pulse pressure it seems likely that the patient would require some- 
thing more than commissurotomy in order to expect much improvement. In 
many patients, the basal diastolic murmur has evidently been of pulmonic 
rather than aortic origin and has disappeared following mitral commissurotomy. 

6. Pregnancy is not an absolute contraindication to operation. Since, 
with good medical management, most mitral patients withstand pregnancy 
fairly well, elective valvulotomy can usually be postponed until after delivery. 
In patients showing evidence of failure before the seventh month we have 
occasionally recommended valvulotomy, however, especially when the termi- 
nation of pregnancy was not desirable. 

7. It has been suggested that the vascular changes which occur in the 
lungs secondary to mitral stenosis may be irreversible.° It has been feared 
therefore that, when severe, a vascular block might remain in the lungs even 
after relief from mitral stenosis. We do not believe that a patient should be 
refused the benefit of surgery on such a basis. Our experience suggests that 
if a patient can be carried through the operation and if the mitral block is 
released, improvement will usually result. 

8. Patients with mitral stenosis and minimal or no symptoms require 
special consideration. Formerly, most cardiologists refused to refer such 
patients for operation. However, the operation has reached a stage in its 
development which permits offering it to patients with hope of considerable 
benefit and with relatively low risk. If a patient has signs that mitral stenosis 
is causing left atrial enlargement and pulmonary congestion, it is difficult to 
see the advantage of waiting until auricular fibrillation, embolization, cardiae 
enlargement, and congestive failure develop. 

Preoperative Preparation.—An important objective in the preparation for 
operation is to have the patient free of excess fluid. Even a patient who ap- 
pears to have no eardiae failure often loses a few pounds following adminis- 
tration of a mercurial diuretic. The good-risk patient will need little in the 
way of preparation, but the patient in severe failure may require several 
weeks, and in fact may never be successfully prepared. All of the usual medi- 
eal means of getting patients out of heart failure may be employed. In the 
great majority of patients, the judicious use of digitalis and mercurial 
diureties will be adequate. At times the use of resins has apparently been 
helpful. 
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Anesthesia.—The most important objectives in the anesthetization of the 
patient for cardiac surgery are to keep the patient light and well oxygenated. 
The choice of anesthetic agents is probably not a matter of great importance. 
Until an anesthetist has had experience in this field he is likely to carry the 
patient in too deep a plane of anesthesia and may not realize how vigorous 
the ventilation needs to be to maintain maximal oxygenation of the myocardium. 


Operative Technique—The lateral approach offers many advantages to the 
surgeon, especially if technical difficulties are encountered. The left fourth 
intercostal space is opened almost in its entirety. The patient may be rotated 
backward slightly and the lung held posteriorly as the pericardium is opened 
behind the phrenic nerve. A purse-string suture is placed around the auricu- 
Jar appendage and is attached to a Rumel tourniquet. An anesthetist prepares 
to occlude the carotid arteries in the neck, or tourniquets are placed around 
them in the superior mediastinum. The ecarotids are occluded momentarily 
whenever the auricle is manipulated. It is probably not wise to occlude them 
for more than twenty to thirty seconds at a time. 

The auricular appendage is cut open and allowed to bleed before the 
clamp is applied, in the hope that blood clots, if present, may escape. Trac- 
tion sutures are placed on the edge of the auricular appendage, and the open- 
ing is enlarged enough to accommodate the finger. More blood is allowed to 
escape in the hope of evacuating clots. ‘The right index finger is inserted as 
the auricular clamp is released, and the mitral valve is carefully palpated. 
After determining the characteristics of the valve and estimating the degree 
of regurgitation, if any, finger fracture is attempted. Some surgeons state 
that finger fracture is almost uniformly successful, whereas others believe that 
the use of a knife is almost always necessary. We have preferred to use 
finger fracture but have found that the use of a knife was necessary in about 
one-third of the patients. It has been our impression that regurgitation is 
less likely when the valve is opened by finger fracture than when it is opened 
with a knife. The guillotine-type knife has been used primarily in this series. 
We feel that the ideal knife is not yet available. 

When opening the mitral valve, the surgeon is constantly faced with the 
problem of when to stop. We believe that we have probably stopped too soon 
on some oceasions and not soon enough in others. We now believe that the 
surgeon should persist until the anterolateral commissure is opened entirely 
out to the myocardium. The surgeon should not be content to leave a little 
rim, for when that final bit is cut it may add greatly to the opening obtained. 

We have been more cautious with the posteromedial commissure. When 
it ean be opened by finger fracture, we do so, but if the anterolateral com- 
missure is opened widely we are hesitant to use a knife on the posteromedial 
commissure. It is our impression that we have produced the most severe re- 
curgitation when cutting this commissure. 

The type of valve encountered may vary greatly. Ideally, the valve barely 
admits the index finger and is thin, but sufficiently rigid so that it ean be torn 
in both commissures by finger fracture. At times a similar valve may be so 
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elastic that it cannot be torn by finger fracture. It may be pushed up 
against the heart wall without tearing. In such a situation we have had to 
use a knife. 

The very thick, badly diseased valves vary also. Some may be so friable 
that they can easily be torn by finger fracture. More often, perhaps, a knife 
is needed to start the tear in the commissure, even though the finger may 
extend it out to the muscle. At times a rigid valve which cannot be fractured 
does not seem to open satisfactorily even when cut. In some instances, if the 
rigid portions of the valve can be cut entirely out into the myocardium, some 
separation of the rigid edges may result. 

A most difficult problem is the large heart with regurgitation. The re- 
gurgitation is most often present in the posterior part of the opening. We 
have never felt justified in cutting the posterior commissure under these 
circumstances. There has been considerable improvement, however, when the 
anterior commissure was opened to reduce the stenosis in that area. 

Some surgeons have stated that opening the commissures in the presence 
of a regurgitant valve may increase its efficiency and reduce regurgitation. If 
this has happened in our experience, we have not been aware of it. 

In closing the auricular appendage, the finger is withdrawn and the clamp 
reapplied. The purse-string suture is then tied. This may be reinforced with 
a free ligature, if desired. Sutures are placed in the cuff to prevent any pos- 
sible slipping. 

Intra-Auricular Blood Clots —Occasionally the auricle may be so filled with 
clots that no bleeding occurs when the incision is made into the appendage. 
Some surgeons have advocated going through one of the pulmonary veins, but 
the reported mortality rate of that procedure has been high. When the clot 
seems small, it may be possible to express it from the auricle. In many in- 
stances, however, it is large and firm, and the problem is whether to back out, 
to go through the clot, or to go around it. With the ecarotids occluded, we 
have cautiously worked the finger between the clot and the auricular wall 
sufficiently to enter the free auricular cavity and to get at the mitral valve. 
Even with the greatest care, an embolus is a grave risk under these circum- 
stances. In our entire series, we have had five cerebral emboli at the time of 
operation. In two instances, when the patient awoke with a right hemiplegia, 
the left carotid pulse was not palpable. The patients were taken back to the 
operating room immediately. When the carotid artery was opened there was 
no flow from the proximal end. A suction tube was gently pushed down the 

arotid, and in both instances a normal blood flow was re-established. Whether 
the embolus was pulled through the suction tube, or was dislodged and landed 
in a silent area of the arterial tree, was never ascertained. In both instances 
the patients awoke without the hemiplegia. 

Small Auricular Appendage.—The auricular appendage may be small or 
almost entirely obliterated. The problem then arises as to whether the auricle 
ean be safely entered. Certainly the possibility of sudden catastrophic hemor- 
rhage is terrifying. With experience and eare, the probability of catastrophic 
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hemorrhage can be minimized, but probably never eliminated. We attempt to 
make the incision in the auricle in such a way that a clamp will cover it as the 
finger is withdrawn. This is usually, but not always, possible. 

The greatest danger arises when the finger or knife tears the auricular wall 
beyond the line of incision and especially beyond the purse-string suture. When 
this occurs, it is probably a mistake to remove the finger and attempt to tie the 
purse-string suture or to remove the finger and attempt to catch the edge of 
the auricle with a clamp. If the finger is removed and the clamp cannot be 
applied to occlude the torn area, there will be massive hemorrhage. Perhaps 
the best maneuver is to keep the finger in the auricle. The purse-string suture 
may be tightened around it, and pressure applied by the finger within the 
auricle may occlude the torn area. The tear may then be sutured or the entire 
opening in the auricle may be sutured as the finger is slowly withdrawn. 

Postoperative Care.—Special attention should be given to the parenteral 
administration of fluids during the early postoperative period, as well as in the 
operating room. Overtransfusion is a hazard. We do not hesitate to replace the 
blood loss, however, if the blood pressure is not maintained postoperatively. 

Mercurial diuretics have been useful during the postoperative period, espe- 
cially when the patient was a poor risk or the valve was not satisfactorily opened. 
When the valve has been opened widely, the postoperative course is usually no 
great problem. 

Oxygen therapy appears to be helpful for a day or so. It is, of course, 
important to keep the tracheobronchial tree clear. If too much difficulty is 
encountered with this, a tracheotomy is advisable. Tracheotomy should al- 
ways be performed in patients with hemiplegia. 

The low-salt syndrome may result from preoperative efforts to rid the 
body of excessive fluid. Apparently this becomes a problem, however, only in 
the very poor-risk patient. When the sodium does become depleted by this 
mechanism, its return toward normal by additional therapy is likely to add 
water to the body as well. If the heart failure is sufficiently bad, it may be 
impossible to maintain chemical balance and at the same time keep the patient 
free of fluid. In the average patient this problem can be avoided by relaxing 
the diet once the mitral stenosis has been released. 

Pericardial Effusion.—In spite of leaving a large opening in the pericardial 
sae at the time of operation, this opening is likely to seal over, and an effusion 
may develop in some patients. A good many of the hearts appear to be increased 
in size postoperatively. How often this is due to pericardial effusion is not 
known. It is suspected when there is cardiac enlargement or a continuing low- 
grade fever, or when the patient is not doing as well as had been anticipated. 
We found it necessary to tap the pericardium postoperatively only once in this 
series, however. 

Thrombosis and Embolism.—Postoperative pulmonary emboli have been 
fairly common in this series but did not appear to be the major cause of death 
in any ease. In addition to the five major cerebral emboli at or immediately 
after operation, there have been three postoperative emboli. One lodged in 
the popliteal artery and was successfully removed, and in the others, there 
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were small cerebral emboli at autopsy. Whether they were the cause of death 
is uncertain. Three other patients had mild cerebral symptoms which suggested 
that there may have been small emboli. They were in chemical balance. Two 
instances of fatal embolism occurred after discharge from the hospital. 

In our effort to minimize postoperative clotting on the valve or auricle, 
we have used heparin postoperatively when the patient had previously had an 
embolus, when there was a palpable clot in the auricle, when there was a 
‘agged tear on the valve, and when there was a ragged tear into the myo- 
eardium. If a clot was obviously left behind in the auricle, anticoagulant 
therapy was continued for several months. 

Results—One hundred forty patients have been operated upon with thir- 
teen hospital deaths. Of the first twenty-five patients operated upon, six died 
in the hospital and four have since died of their disease. One additional pa- 
tient who got an excellent result died two years later of leukemia. 

In the next 100 patients, whose follow-up period has been long enough to 
evaluate the results, there were six hospital deaths. One was a very poor-risk 
patient with a ealeified auricular wall, and we were unable to enter the auricle. 
One had a catastrophic hemorrhage from inadvertently tearing the greatly 
distended pulmonary artery. One man, aged 57, died of an acute coronary 
occlusion. Two Grade 4 patients had multiple small cerebral emboli at autopsy, 
but whether they were the primary cause of death is uncertain. One patient 
with hypertension apparently died of heart failure. There were three delayed 
deaths. Two of these were due to our failure to improve the valve sufficiently ; 
the other was sudden and unexpected in a patient with hypertension. 

Of the ninety-one patients who remain alive, forty-three have had excel- 
lent results, forty-two have had moderately good results, and six have been 
improved little, if at all. 

AORTIC STENOSIS 


An operation for aortic stenosis developed more slowly than that for 
mitral stenosis. Smithy’ had some success in using a cutting instrument, but 
there was always the fear of producing fatal regurgitation. It was natural to 
suppose that the commissures of the aortie valve should respond to a tearing 
foree in the same manner as the mitral commissures do to finger fracture. 
Efforts at finger fracture, however, proved catastrophic. The problems to be 
solved were (1) how to approach the valve, (2) how to produce an instrument 
strong enough to open the fused aortic commissures, and (3) how to get such 
an instrument through the stenotic aortic valve. These problems have not 
been entirely solved, but the Bailey aortic dilator* is a good start. It is 
designed to go through the left ventricle. It threads a beaded wire through 
the stenotic valve and thereby minimizes the risk of creating a false passage. 
The instrument up to now has not been quite strong enough, for we have 
broken the head twice in attempting to open valves, but efforts are being 
made to strengthen it. 

Selection of Patients ——The patient with an isolated aortic stenosis does not 
go into right-sided heart failure until fairly late in the course of the disease. 
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It is felt, therefore, that when such a patient becomes incapacitated by 
anginal pain or by dyspnea on slight exertion he should be operated upon. 

When aortic stenosis coexists with mitral stenosis, it should be corrected 
at the same time. The aorta should be palpated at each operation for mitral 
stenosis. If the thrill of a jet of blood coming through a stenotic valve is 
palpable, the valve should certainly be dilated. When there is only a slight 
thrill, indicating some minimal disease of the aortic valve, it may be difficult 
to know whether or not to dilate it. One of our patients with mitral stenosis 
who died of an acute coronary oe¢clusion had a slight aortic thrill at operation 
but was not dilated. At autopsy he had a slight stenosis but probably not one 
of significance. 

The patient who has aortic stenosis and regurgitation presents a problem, 
When the stenosis is the predominant lesion, he should have the valve dilated. 
When the regurgitation is the predominant lesion, something more than aortic 
dilatation is obviously required. 

Operative Technique-—We have opened almost the entire left fifth inter- 
costal space with the patient in the lateral position. When there is both aortic 
and mitral stenosis, the mitral commissurotomy is performed first. Even when 
no mitral disease is suspected, we have usually palpated the mitral valve to 
exclude a hidden stenosis. 

The greatest fear in the attack on the aortic valve is that of ventricular 
fibrillation as the result of traversing the left ventricular wall. The inci- 
dence has been sufficiently great to cause Bailey to experiment again with 
attacking the valve through the aorta. We believe that the greatest protection 
against ventricular fibrillation is hyperventilation of the lungs until the left 
ventricular wall is pink. This must be done before starting to work on the 
ventricular wall. We also believe that procaine injected locally is helpful. 

The selection of the site to enter the left ventricle is important. Care 
should be taken to avoid injury to any visible vessels. It is thought best not 
to go too close to the apex where the myocardium is thin. As a rule, a site 
may be found relatively free of vessels, fairly close to the septum (to avoid 
getting involved in the chordae tendineae), and about halfway between the 
base and the apex of the heart, or perhaps a little closer to the apex. 

The pressures in the left ventricle may be very high, and consequently 
there is always fear of catastrophic hemorrhage during this procedure. If 
proper precautions are taken this should not be too great a problem. The 
most important thing is to have a clean incision in the ventricular wall. If 
a stellate fracture of the wall is produced, hemostasis may be difficult or im- 
possible to secure. 

A triangular suture is placed in the myocardium first. There should be 
1 em. or more between the points of entry and exit of the suture to allow a 
broad area of epicardium to be involved, since it is stronger than the myo- 
eardium itself. A Rumel tourniquet may then be applied to the triangular 
suture. 

A small incision is first made in the ventricular wall and the beaded wire 
is inserted. If it passes through the aortic valve, it may be felt in the aorta 
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between the fingers of the left hand. The incision in the ventricular wall is 
then extended sufficiently to admit the head of the dilating instrument without 


The instrument is passed over the wire and ean be felt to go 


tearing. 
There may be considerable resistance 


through the valve and into the aorta. 
to the passage of the instrument through the valve if the stenosis is severe. 
The head can be felt to be in place, with the left hand compressing the aorta. 
The handles of the instrument are then closed, opening the dilating head and 


tearing open the valve. There may be considerable resistance. The head can 


then be closed and the instrument removed. 
The person holding the tourniquet on the triangular suture should not be 
If this suture were to tear through the myo- 


too enthusiastic in its use. 
We have preferred to accept 


eardium, recovery would be difficult or impossible. 
a bit of bleeding around the instrument rather than risk a catastrophe, and so 
have applied light pressure, if any, on the tourniquet. Once the instrument 
is out and a sponge is held over the incision for awhile, the bleeding will de- 
crease rapidly, and it may then be completely controlled by a few mattress 
sutures. 

In the two instanees in which the dilating head broke while in the valve, 
it could not be closed entirely to be brought out of the heart. Fortunately, 
in its delivery, a catastrophic tear of the ventricular wall did not occur. 

The problem of dealing with ventricular fibrillation, when it occurs in 


the presence of large hearts, is a difficult one. It is difficult to establish a 


good blood flow by eardiae compression because of the thick wall and the 


It is, therefore, difficult to obtain maximum oxygenation of 
Moreover, such a large 


small chamber. 
the myocardium before the electric shock is applied. 
heart is not readily defibrillated without using currents which may burn the 
heart. This problem is most troublesome in the patients with pure aortic 
stenosis, since the patients with coexisting mitral stenosis do not have such 
large left ventricles. 

Results——Ten patients have been operated upon. 
mitral disease, while seven also had mitral stenosis. 
to ventricular fibrillation as the valve was being opened in a patient with aortic 
stenosis and a large left ventricle. Of the others, seven have been improved. 
Two are too recent to evaluate, but improvement is anticipated. In some it has 
been difficult to know whether the mitral or aortic valvulotomy accounted for 
the improvement. In others the mitral valve was diseased only slightly or not 
at all so that the improvement can be attributed solely to the aortic manipulation. 
The nine cases may be grouped as follows: four greatly improved, two moder- 
ately improved, and one slightly improved. Two were operated upon too re- 
cently to evaluate. 

The postoperative systolic blood pressures have been higher in all in- 
stances. In no instance have we been sure that aortic regurgitation was 
increased. In one patient. the diastolic aortic murmur is definitely louder, 
but the patient is so greatly improved that we have preferred to believe that 


Three of these had no 
There was one death due 
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this is due to the increased blood flow incident to the mitral commissurotomy. 
The unchanged postoperative diastolic blood pressures have supported that 
belief. 

Autopsy on the patient who died showed one commissure torn open en- 
tirely out to the wall, one torn half-way, and the third not at all. It was per- 
feetly obvious, however, that if the patient had survived he would have been 
greatly improved. 









SUMMARY 





1. The problems of selection of patients for surgery on the mitral and 
aortie valves have been discussed. 

2. Angiocardiography has proved to be a useful technique in selecting 
patients with mitral stenosis. 

3. We have used a knife in approximately one-third of the mitral valves 
operated upon in this series. 

4. Of the last 100 patients with mitral stenosis operated upon in this 
series, there were six operative deaths and three delayed deaths. Of the 
remainder, forty-three have excellent improvement, forty-two have moderate 
improvement, and six have improved little, if at all. 

5. Of ten patients subjected to dilatation of the aortic valve, one died, four 
were greatly improved, two moderately improved, one slightly improved, and 
two were treated too recently to evaluate. 
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EXPERIMENTAL SURGICAL REPAIR OF VENTRICULAR 
SEPTAL DEFECTS 


Haroup Kine, M.D., Harris B. SHuMACKER, JR., M.D., AND 
NURETTIN DeEn1z, M.D., 
INDIANAPOLIS, IND. 


(From the Department of Surgery, Indiana University School of Medicine) 


Beeson of the ventricular septum occurring alone, or in combination with 
other anomalies, constitute one of the commonest congenital malforma- 
tions of the heart. Although the clinical course of patients with isolated inter- 
ventricular defects is not as well known as would be desirable, it is obvious 
that this abnormality is poorly tolerated by numerous individuals and that it 
may lead to eadiae invalidism and premature death. Up to the present time 
only a few experimental and clinical observations concerning the closure of 
such defects are available in the literature. It is our purpose to describe a 
method which has proved successful. 


EXPERIMENTAL METHOD 


Healthy mongrel dogs were used. Large interventricular defects were 
created by a method which has been described elsewhere. The defects were 
usually made some weeks or months before closure was attempted, although 
occasionally they were produced immediately before repair. The animals 
were anesthetized with an ether-oxygen mixture administered intratracheally 
by means of an intermittent positive pressure apparatus following induction 
with pentobarbital sodium. All procedures were carried out under rigidly 
aseptic conditions. The ventricular portion of the heart was exposed through 
a right fifth intercostal space thoracotomy and wide longitudina! incision of 
the pericardium. Traction sutures were placed in the right ventricular myo- 
cardium, and an incision in line with the cardiac muscle fibers was made ex- 
tending partially through the heart wall. The left index finger was placed 
over this incision, and the blades of a curved scissors were introduced under 
the finger into the incision. By spreading the blades, the wound was extended 
into the ventricular cavity and made of adequate size. Compression with the 
overlying finger permitted the accomplishment of this procedure with minimal 
loss of blood. The finger was then quickly passed into the ventricular cham- 
ber. The defect itself could usually be located with relative ease, and a strong 
jet of blood was palpable in the area of the shunt. 

Once the defect was located, the finger was swung along the septum 
toward the left border of the heart and, using the finger as a guide, a large 
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round blunt-tipped needle (Fig. 1) was passed through the ventricular wall 
just anterior to the coronary vessels and directly into the septum itself. With 
the guidance of the finger in the ventricle it was possible to keep the needle 
within the septum and to direct it toward the mid-portion of the defect. The 
needle was then passed into the opposite wall of the defect, through the re- 
maining portion of the septum, and out of the heart wall. Attached to the 
needle was a previously formed distensible tube constructed of autogenous 
pericardium or of thinly woven nylon. Through the other end of the tube 
from that fixed to the needle, a plastic catheter had been ligated in place so 
that one end of it opened into the central portion of the tube. With little 
difficulty the distensible tube could be drawn through the septum in the path 
of the needle, and the palpating finger could feel its mid-portion presenting in 
the region of the defect. Once the tube was properly placed, blood was with- 
drawn from the ventricle into a syringe containing approximately 1 ¢.c. of 
penicillin solution. The blood was then injected through the polyethylene 
catheter until the tube could be felt bulging out snugly in the defect and 
completely obstructing it (Fig. 2). Since closure was associated with abolition 
of-the eardiae thrill, the finger was often withdrawn from the ventricular 
cavity and the ventriculotomy was closed with interrupted silk sutures before 
the tube was distended with blood. Once the operator was satisfied that the 
tube had been sufficiently distended to close the defect and that enough time 
had passed to permit clotting of the injected blood, the plastic catheter was 
withdrawn as the protruding portion of the graft was securely ligated. Both 
ends of the graft were then sutured to the myocardium at the points of emer- 
gence. The pericardium was loosely approximated with silk sutures, unless it 
had been excised for construction of the graft, and the chest wall was repaired 
with interrupted sutures to the various layers after expanding the lungs fully. 





















Fig. 1.—Photograph of straight and curved large blunt-tipped needles used in repair of 
ventricular septal defects. 









The pericardial tubes were made in the following manner: a rectangular 
portion of pericardium about 4 em. wide and as long as possible was excised 
and, after trimming away from the external surface any attached fatty tissue, 
the strip was folded on itself with the smooth cardiac side of the pericardium 
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within. The approximated edges of the middle 3 or 4 em. were tightly closed 
with a continuous suture of 00000 Deknatel. After making sure that this 
portion of the tube was watertight, we turned the tube inside out. One end 
of the sutured portion of the tube was transfixed with silk, and the strip of 
pericardium beyond it was trimmed and threaded onto a long needle. The 
other end of the sutured portion of the tube was snugly ligated about a small 


Fig. 2.—Schematic diagram of distensible tube which has been drawn through the cen- 
ter of the defect and inflated with blood. Below are illustrated tubes constructed of nylon 
and of pericardium. 


plastic catheter, the tip of which lay in the mid-portion of the tube. Care was 
taken to keep the eardiac surface of the pericardium moist and to avoid 
injury to it. 
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The nylon tubes were constructed of lightweight nylon cloth which has a 
thread count of 176 lengthwise and 118 in the other direction. The cloth was 
folded on itself and the graft was fashioned by sewing together the two layers 
with fine nylon thread using an ordinary sewing machine. The mid-portion of 
the graft was elliptical or round in shape and approximately 3.5 em. in width 
at its widest portion. It was closed at one end, and from this end extended a 
ribbon about 6 to 8 em. long and 3 to 4mm. wide. This end was threaded onto 
a needle. The other end of the graft was similar in size, but was left as a tube 
communicating with the central portion of the graft. A small plastic catheter 
was passed through it into the mid-portion of the potential balloon and was 
securely ligated in place. Before being passed into the septum it was auto- 
elaved and soaked in sterile mineral oil or thoroughly greased with sterile 
petroleum jelly. The latter method seemed more effective in rendering it im- 
pervious to blood. 

When pericardial grafts were used, the tube was easily distended with 
blood and readily occluded the defect. It was allowed to bulge equally beyond 
the right and left sides of the septal wall. When blood was first injected into 
the nylon tubes, leakage sometimes occurred, and subsequent injections were 
usually necessary before proper distention was achieved. Generally, closure 
of the defect by a nylon sae was easier to accomplish when the sae was pushed 
slightly into the left ventricle by the intracardiac finger before it was distended. 


EXPERIMENTAL OBSERVATIONS 


A pericardial sae was utilized for operative closure in thirteen animals 
(Table I). Four animals were operated upon before the present technique was 
perfected. In three instances, a simple pericardial balloon about 144 em. in 
diameter and about 2 em. long, with a plaster catheter attached at one end and 
a silk suture at the other, was used. In the fourth case, the tube was con- 
structed in a similar fashion to that previously described but was too small in 
diameter. Complete closure of the ventricular defect was obtained in one 
animal, and the closure was incomplete in the other three animals. Only a 1 
to 2 mm. defect remained in two animals, while the defect of the third was 
only about three-quarters closed. 

Nine animals were operated upon after the development of the present 
technique. One dog died at the time of operation. The defect in this animal 
was located immediately beneath the pulmonary valve in the pulmonary out- 
flow tract. The proximal portion of the tube was misplaced and lay within 
the infundibular portion of the right ventricle and not within the septum. 
Expansion of the sac, therefore, caused obstruction of the blood flow to the 
lungs, and ventricular fibrillation resulted. Five animals were sacrificed from 
29 to 106 days after operation, and the septal defect was found to be com- 
pletely closed in all of them. Three animals have been kept for longer obser- 
vation. At the present time they have been alive and well from 84 to 120 days 
following operation. No thrill or murmur has been present since the time of 
operative repair, and it is presumed that complete closure has been obtained 


in all. 
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TABLE I. RESULTS OF CLOSURE OF VENTRICULAR SEPTAL DEFECTS WITH PERICARDIAL TUBES 








INTERVAL | 
BETWEEN COMPLETENESS OF CLOSURE INTERVAL 
CREATION OBVIOUS | CLINICAL BETWEEN | 
AND HEART | CLOSURE BY | CLOSURE AND | 
CLOSURE FAILURE AT | ABSENCE OF! POST-MORTEM | 
OF DEFECT TIME OF POST-MORTEM | THRILL AND| EXAMINATION | 
DOG (DAYS) OPERATION | EXAMINATION MURMUR (DAYS) 
Preliminary Operations 
1 20 1 to 2 mm. 5 
defect 
21 Complete 61 
30 About %4 15 Poor placement 
closed of graft 
11 1 to 2 mm. Few hours Sac too small 
Observations With Final Method 
51 Complete 52 
12 Complete 106 
21 Complete 94 
11 Alive 120 days 
postoperative 
7 Alive 103 days 
postoperative 

















REMARKS 





14 Complete 
0 Complete 
0 Alive 82 days 
postoperative 
8 Partial High defect; 
graft poorly 
placed with 
obstruction 
of pulmonary 
artery 





Nylon tubes have been utilized for closure of ventricular septal defects 
in twenty animals (Table II). In the beginning the results were poor because 
the expansible portion of the tube was made too small. These small sacs were 
used in four animals (Dogs 1, 2, 3, and 4), and incomplete closure of the 
septal defect resulted in all. Two animals (Dogs 2 and 3) are alive sixty-one 
to sixty-six days after operation, and both are in moderate heart failure and 
demonstrate a loud systolic thrill and murmur. Two animals were sacrificed. 
The defect was only about half-closed in one, and in the other a tiny 1 to 2 
mm. defect remained. 

A larger nylon tube was used in sixteen animals. In fourteen of them the 
sae was soaked in mineral oil before repair, and in 2 a thin layer of petroleum 
jelly was applied to the nylon. The hearts of eight dogs were examined after 
operative repair, and the septal defect was found to be completely closed in 
three. Small communications 1 to 3 mm. in diameter persisted in four dogs, 
while in one the sae had deflated and a defect of almost original size remained. 
Eight animals are alive. In six of them the systolic thrill and murmur com- 
pletely disappeared following operative repair, and it is presumed that their 
defects are completely closed. In one animal a systolic thrill recurred a few 
hours after operation and a large communication is undoubtedly still present. 
Another dog had persistence of a systolic murmur over the right chest, but 
the systolie thrill disappeared. These physical signs indicate that the defect 
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is almost completely closed. In seven animals (Dogs 13, 14, 15, 16, 17, 18, and 
19) the sae was pushed slightly into the left ventricle before it was expanded; 
five had complete closure and one almost-complete closure, and in only one 
was a poor closure obtained. 


TABLE II. PRELIMINARY OBSERVATIONS ON CLOSURE OF VENTRICULAR SEPTAL DEFECTS WITH 
NYLON TUBES 








COMPLETENESS OF CLOSURE INTERVAL 
INTERVAL CLINICAL BETWEEN 
BETWEEN CLOSURE BY | CLOSURE AND 
CREATION AND ABSENCE OF | POST-MORTEM 
CLOSURE OF | POST-MORTEM | THRILL AND | EXAMINATION 
DEFECT (DAYS) | EXAMINATION MURMUR (DAYS) REMARKS 


1 to 2 mm. 13 
Thrill persists Alive 66 days post- 
operative 
Thrill persists Alive 61 days post- 
operative 
Half-closed Sac leaked 
Alive 57 days post- 
operative 
Alive 57 days post- 
operative 
3 mm, In failure at time of 
repair; thrill gone 
after repair 








Complete 
1 mm. 
2 mm. 
Complete 
3 mm. 
+ Alive 38 days post- 
operative 
Thrill persists Alive 38 days post- 
operative 
Complete 
Alive 33 days post- 
operative 
Alive 26 days post- 
operative; massive 
ascites at time of 
repair; ascites dis- 
appeared after clo- 
Thrill gone sure 
Murmur Alive 26 days post- 
persists operative 
oa Alive 19 days post- 
operative 
Half-closed Sac leaked 








It was obvious that the principal difficulty with the use of nylon grafts 
resulted from the leakage of blood from the distended sae. Almost invariably 
the initial injection of blood closed the defect so that the thrill disappeared. 
Usually, however, a faint thrill reappeared shortly afterward and would dis- 
appear with a subsequent injection of blood. In many eases the resulting 
thrombus within the tube was of sufficient size to result in permanent complete 
closure of the defect. On the other hand, it was apparent that most of the 
failures resulted from further loss of blood from the graft. 
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In a few animals, operative repair has been carried out with the use of 
expansible tubes constructed of different materials. In two dogs a sac was 
made by using a segment of autogenous vein. The vein was inverted so that 
the endothelial surface was external. Complete closure was not achieved in 
either case because the veins were too small in diameter, although at the time 
of post-mortem examination the vein grafts were found to have healed well 
with the wall of the defect. Crudely constructed tubes made of thin poly- 
ethylene sheeting were used in three dogs. In every ease the thrill ceased 


PRE-OPERATIVE POST-OPERATIVE 


Fig. 3.—Leads I, II, and III of electrocardiograms made before and after operative repair 
of ventricular septal defect demonstrating the slowing of heart rate that often occurred and 
the absence of significant electrocardiographic alterations. 


after the introduction of a few cubic centimeters of fluid into the sacs. How- 
ever, the final results were poor because the tubes eventually developed leaks 
along the line of fusion of the polyethylene sac. The tubes then collapsed, and 
the ventricular communications recurred. An ordinary condom was drawn 
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through the defect in two animals. In both, the thrill disappeared after the 
introduction of from 2 to 4 ¢.c. of saline solution. Both are now alive and 
without systolic thrill or murmur two and three weeks, respectively, after 
operation. 

At the time of operative repair some interesting observations were made. 
If an animal was in cardiac failure, the heart was usually markedly dilated 
and the rate rapid. The lungs often looked edematous and red. The slightest 
tear into the lung parenchyma produced a profuse hemorrhage. In some cases 
200 or 300 ¢.e. of pleural fluid was encountered. Immediately after repair, the 
heart rate usually slowed (Fig. 3). After ten or fifteen minutes, the heart 
became smaller in size, and in some eases this change was dramatic. The 
edema of the lungs did not disappear so rapidly, although the color usually 
changed to a normal pink. 
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Fig. 4.—Diagram of left and right ventricular pressures before and after repair of a defect 
showing a decrease in right and an increase in left ventricular pressure after closure. 









In a few animals, right and left ventricular pressures were recorded be- 
fore and after closure. Before repair the right ventricular pressure was usually 
elevated and the left decreased as compared with normal values. Immediately 
after closure, the right ventricular pressure fell to normal and that of the left 
inereased (Fig. 4). Electrocardiograms were made before and after operative 
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repair on many of the animals. <A slight depression or elevation of the T wav: 
was occasionally seen, but no significant abnormalities were encountered (Fig 
3). One severely ill animal demonstrated many ventricular extrasystoles just 
before operative repair. As soon as the defect was closed the arrythmi: 
disappeared. 

The animals were carefully followed after operation. Comparison of the 
clinical signs and post-mortem findings established the fact that the absence 
of a thrill and murmur signified complete closure of the communication. In 
those animals which demonstrated disappearance of the thrill, but persistence 
of a systolic murmur of less intensity, a small communication from 1 to 3 mm. 
in diameter was found at autopsy. The disappearance of the systolic thrill 
was a significant finding and always was associated with almost complete 
closure of the defect. If the thrill persisted after operation, the defect was 
invariably found to be poorly closed. 


Fig. 5.—Photographs showing animal with massive ascites before, and the disappearance of 
the ascites after, repair of septal defect. 


If the operative repair of the defect was complete or if only a small com- 
munication 1 to 3 mm. in diameter persisted, the animal’s clinical course fol- 
lowing operation was usually excellent. If he had been anorexic, lethargic, 
and malnourished as a result of heart failure and pulmonary congestion, his 
appetite and general condition improved remarkably shortly afterward. One 
animal developed right-sided heart failure about three weeks after its ven- 
tricular septal defect had been produced. At the time of operative repair 
three and one-haif months after the first operation, he had massive ascites and 
was extremely ill. After the second procedure, in which a nylon tube was 
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used, the thrill disappeared, but a systolic murmur of low intensity could still 
be heard over the right chest. It was felt that these physical findings demon- 
strated that the defect was almost completely closed, and the subsequent e¢lini- 
eal course substantiated this impression. During the next two weeks, the 
animal’s general condition became much improved and the ascites gradually 
disappeared (Fig. 5). In spite of better eating, a weight loss of eight pounds 
within two weeks occurred. In one animal, cardiac catheterization was carried 
out before and after repair. Beforehand there was demonstrated a left-to- 
right shunt of 2.82 L. which represented 45 per cent of the left ventricular 


inflow. Afterward there was no evidence of shunt. 





Fig. 6.—Photomicrograph of site of operative repair with a pericardial sac four weeks 
after operation showing (A) endothelialization of the graft from the edge of the defect and 
(B) the line of granulation and fibroplasia extending into the thrombus. 


The site of operative repair was always carefully examined post mortem, 
and all but a few of the specimens were studied histologically. Shortly after 
repair, the pericardial grafts were smooth and free of clots. Endothelializa- 
tion of the surface occurred rapidly, and by three or four weeks it was usually 
complete (Fig. 6, A). The grafts showed progressive organization of the 
thrombus and firm union with the margins of the defect (Figs. 6, 7, and 8). 
Microscopic studies revealed that at four weeks there was a line of granula- 
tion tissue and fibroblastic organization extending from the periphery into 
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the thrombus (Fig. 6). At the end of two months the thrombus was well or- 
ganized except for a central core of granulation tissue (Fig. §), and grossly 
at this time the grafts appeared smooth and well united with the septum (Fig. 
9). Specimens studied three months after repair showed complete replacement 
of the thrombus with fibrous tissue. In general, the same process of fixation 
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of graft to septum, early endothelialization, and fibroblastic organization of 
the thrombus was observed when nylon grafts were used (Figs. 10 and 11). 


DISCUSSION 


In 1948, Murray’ attempted to repair interventricular septal defects in 
three children by placing large sutures of fascia lata through the ventricular 
septum. A large skin or seamstress needle was passed into the septum using 
the eye as a blunt needle tip. The needle was directed into proper position by 





Fig. 8.—Septal defect repaired two months previously with pericardial graft. A, Low- 
power photomicrograph through the center of the closed defect. B, High-power photomicro- 
graph showing the surface of the endothelial lining of the graft and the organization of most 
of the thrombus with fibrous tissue. 


utilizing the external anatomy of the heart and by palpation of the edges of 
the defect with the blunt end of the needle. All three patients withstood the 
operation well, and there was no evidence to suggest that the bundle of His 
had been injured. The immediate clinical results were encouraging, although 
one patient died one week after operation from atelectasis. The suture going 
through the heart was well placed and seemed to be in a position to occlude 
to a degree the patent interventricular septum. 

Bailey and his associates* devised two methods for closure of interven- 
tricular defects. In one, a long rectangular pedicled pericardial graft was 
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drawn into the left ventricle through a single anterior puncture. The two 
leading corners of the graft were attached to sutures which emerged at dif- 
ferent points in the posterior ventricular wall. The intracardiae portion of 
the graft was, therefore, stretched out over three points close to the interven- 
tricular septum and assumed a triangular outline similar to a diaper. This 
operation was performed on eleven animals. Sacrifice of the animals from 
four to ten weeks later showed the grafts to be atrophied, thickened, and 
shrunken with resultant deformity of the ventricular wall. It was obvious 
that these grafts could serve no useful function. 





Fig. 9.—Photograph of left ventricular side of septum two months after operative repair show- 
ing pericardial graft completely obstructing defect and well healed to the septal margin. 

A second technique was used in eighteen animals and three patients. A 
longitudinal incision was made approximately in the middle of the anterior 
aspect of the right ventricle. A curved probe threaded with heavy cotton 
suture was then passed through the right ventriculotomy and through the 
septal defect, and it emerged near the apex of the left ventricle. The end of 
the suture was grasped, and the probe was withdrawn from the heart. The 
free end of a previously prepared rectangular pedicled pericardial graft, 
rolled longitudinally into a solid tubelike structure somewhat over 1 em. in 
diameter, was attached to the suture, which emerged through the right ven- 











Volume 34 SURGICAL REPAIR OF VENTRICULAR SEPTAL DEFECTS 1113 
triculotomy. The tip of the graft was drawn into the right ventricle, through 
the defect, and out through the anterior left ventricular wall. Since large 
ventricular defects could not be produced without high mortality, the graft 
was simply foreed through the intact septum in the experimental animal. 
Immediate fatality occurred due to hemorrhage in four of the eighteen dogs. 
One dog died from empyema, and the remaining thirteen animals were sacri- 
ficed at periods of from four weeks to one year following surgery. In each 
ease, the grafts were healed and incorporated in the myocardium. 

Three patients were operated upon by this technique. In one, the graft 
had to be withdrawn a few hours after its placement because obstruction of 
the pulmonary outflow tract had occurred. In another, the systolic thrill was 
completely abolished after operation, although a faint systolic murmur became 
audible eleven days later. In the third, a systolic murmur persisted after 
operation. In this case cardiac catheterization revealed a left-to-right shunt 
of 1.4 L. per minute before, and 1 L. per minute after, operation. 





: Fig. 10.—Photograph of left ventricular side of septum two weeks after operation show- 
ing closure of ventricular septal defect with nylon tube. Endothelialization has begun from 
the margins of the septum. 


In the method which we have employed, a tubular graft is passed through 
the ventricular septum and the middle of the defect and is distended so that 
it expands to fill the defect completely. It seems to provide a satisfactory 
method for the operative repair of these communications. When pericardial 
sacs of proper size were used, closure of the defect was complete and the 
operation was well tolerated in all the animals but one. In this exceptional 
case the defect was located close to the myocardial wall in the infundibulum 
of the right ventricle, and through error the tube was introduced through the 
right ventricular wall instead of the septum. When the tube was expanded, 
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ecember, 195 
it therefore obstructed the pulmonary outflow tract and death resulted. Had 
the finger been kept within the ventricle during the expansion of the tube, a 
precaution we now feel should always be taken, its improper placement would 
have been recognized and it could have been deflated, withdrawn, and replaced. 


Fig. 11.—Septal defects repaired with nylon grafts, showing (A) a vertical section of the 
septum through the center of the graft one month after repair and (B) microscopic evidence 
of proliferation of fibroblasts and capillaries through the strands of nylon two weeks after 


repair. 


Since the procedure was well tolerated by very ill animals in cardiac 
failure, it would seem justifiable to conclude that operative repair by this 
method would be well tolerated by patients. Initial clinical experiences with 
the operative repair of ventricular septal defects by this method suggest that 
this is the case. Electrocardiograms made before and after repair in many 


animals showed no significant abnormalities after closure. The beneficial 


effect on circulatory dynamics was evident from the moment the defect was 
repaired. Slowing of the heart rate was often observed immediately and the 
abnormal pressure relationships within the left and right ventricles reverted 
toward normal. The color of the lungs usually improved a few minutes later. 
When closure was complete or nearly complete, animals which were chronically 
ill from pulmonary congestion and heart failure rapidly became better. If 
they had been anorexic, a large appetite usually developed on the first post- 
operative day. A massive ascites which had been present in one dog before 
repair completely disappeared during the second postoperative week. 
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It has not yet been determined which material will ultimately prove to be 
most satisfactory for the construction of the distensible tubes. As far as the 
experimental animal is concerned, the use of pericardium was entirely satis- 
factory. The distended graft quickly became adherent to the margins of the 
defect, and the clot became well organized with fibrous tissue. The question 
naturally arises as to whether the pericardial graft will survive in human pa- 
tients, particularly in view of the fact that in one patient in whom a large 
atrial defect was repaired with pericardium, post-mortem examination of the 
heart five months afterward showed that the graft had disappeared from the 
area of the defect.’ Such an occurrence would seem entirely unlikely, how- 
ever, when pericardium is used for repair of ventricular defects. These de- 
fects in patients are rarely larger than 1 em. in diameter, and they have a thick 
septal margin which offers a large surface contact with the graft. In contrast 
to this situation, atrial defects may be much larger, and viable grafts placed 
over them must be vascularized from the periphery. It might prove to be a 
wise precaution in patients, however, to roughen up the margins of the ven- 
tricular septal defect and, indeed, to wipe with gauze the mesothelial surface 
of the pericardium in an effort to promote early adhesion between graft and 
the margin of defect, and more rapid organization of the thrombus within the 
graft. 

Even though it would appear that pericardial grafts are likely to prove 
entirely satisfactory for use in patients, it obviously would be wise to study 
the suitability of other materials in experimental animals. Initial experiences 
indicate that veins are satisfactory, but it is difficult to obtain an autogenous 
vein of suitable size. The use of fresh and preserved homologous veins of 
adequate size should be investigated. Our preliminary observations with the 
use of nylon suggest that this material may prove satisfactory with the em- 
ployment of blood as the distending medium. The interstices of the cloth 
permit the growth of blood vessels and fibroblasts through the tube. It is 
apparent from our preliminary observations that a thin but much more finely 
woven cloth then that used would be more satisfactory, since the major diffi- 
culty with tubes made of this material resulted from the leakage of blood. 
Furthermore, the interstices of the sac might be better sealed by a more suit- 
able medium than mineral oil or petroleum jelly. However, even with these 
deficiencies which were recognized during the course of our experiments, com- 
plete closure was obtained in nine of sixteen animals, and almost-complete 
closure in five, while one of the two real failures was the result of improper 
placement of the graft itself. 

It would be wise, of course, to investigate the possible use of completeiy 
impervious materials such as polyethylene or latex for construction of the 
distensible tube. Up to the present time, the few animals closed with latex 
have complete closure of the defects, but it is not known whether the latex 
balloons will be incorporated in a permanent barrier of viable tissue develop- 
ing from the host. The handmade polyethylene tubes worked well at first and 
failed because the improvised seal eventually broke and permitted leakage. 
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Properly constructed tubes of such impervious plastic materials are being 
obtained and will be studied. If impervious materials are used, the fluid in- 
jected for distending them will require further investigation. It is not known 
whether it would be more satisfactory to use a permanent liquid medium or 
one which will solidify. It is our plan to investigate a variety of materials 
both for the construction of the graft and for its distention. 


SUMMARY 


A seemingly satisfactory method for the operative repair of ventricular 
defects is described. It involves the passage through the septum and the defect 
of a tubular graft which, when distended, completely occludes the defect. 
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of esophagus as complication of achalasia 
(Kastl), 123 

of floor of mouth, surgical method of 
treatment of (Greer et al.), 279 

of upper extremity, axillary gland dissec- 
tion with preservation of pectoral 
muscles for (Spear), 701 

surgical treatment of breast cancer (Lewi- 
son), 909 

Cardiac output; effects of adrenal medullec- 
tomy and sympathectomy on circula- 
tory dynamics of normal dogs (Rich- 
ards et al.), 516 

fluid kinetics following thermal burns in 
man (Hardy et al.), 457 
surgery, experimental (IV) (Glenn and 
Sewell), 195 

Cardiopulmonary dynamics of mitral stenosis 
(Baronofsky et al.), 347 

Carotid arteries, anastomosis of common and 
internal, following resection of de- 
fective portion (Shea and Harrison), 
895 
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Carotid—Cont’d 
artery hemorrhage, prevention of, by use of 
rotating tissue flaps (Conley), 186 
body tumors, management of (James and 

Saleeby), 104 

Castration; inflammatory carcinoma of breast 
in male patient (Treves), 815 

Caudal twinning; duplication of entire colon, 
bladder, and urethra (Ravitch and 
Seott), 853 

Cecum; simple perforated ulcer of colon 
(Durham and Holm), 751 

Cellular activity of fibroblasts; investiga- 
tions into role of heparin in pro- 
liferative tissue reactions (Robinson 
and Hamilton), 475 

Cellulose sponges, use of, in surgery (Paine 
and Egan), 803 

Cervical chordotomy, high (Roulhac), 288 

Cestode group; hydatid disease (Jidejian), 
155 

Chest wall tumors, anterior, problems in man- 
agement of (Macmanus et al.), 245 


Cholecystectomy; papilloma of gall bladder | 


with in situ carcinoma (Tabah and 
MeNeer), 57 
Choledochal sphincter action, effect of n- 
allylnormorphine on (Schapiro and 
Beal), 870 
Cholemia; observations on experimental bile 
peritonitis (Miles and Jeck), 448 
Choleseintigram (Yuhl et al.), 724 
Chordotomy, high cervical (Roulhac), 288 
Chylous ascites due to pancreatic pseudocyst 
(Crandell et al.), 111 
Circulation; changes in pulmonary vessels 
produced by experimental pulmonary 
hypertension (Muller et al.), 365 
gastric, preservation of, by use of splenic 
artery in high esophagogastric anas- 
tomosis (Emerson), 117 
in extremities with obliterative arterial 
disease, evaluation of factors which 
influence (Cranley et al.), 1976 
observations on liberation and elimination 
of myohemoglobin and of hemoglobin 
after release of muscle ischemia 
(Montagnani and Simeone), 169 
Circulatory dynamics of normal dogs, effects 
of adrenal medullectomy and sym- 
pathectomy on (Richards et al.), 510 
Cirrhosis of liver and ascites with particular 
reference to portacaval shunt opera- 
tion, management of (Habif et al.), 
580 
experiences with portacaval anastomosis 
in treatment of portal hypertension 
(Ripstein), 572 
Clamp, new noncrushing, with universal joint 
for blood vessel surgery (Gilfillan 
et al.), 303 
Coagulation; relationship of sonically dis- 
rupted platelets to serum vasocon- 
strictor activity (Cole et al.), 485 
autopsy survey of peptic ulcer as- 
sociated with other disease (Mears), 
649 


Colitis ; 
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Colon, bladder, and urethra, duplication of 
entire (Ravitch and Scott), 843 
simple perforated ulcer of (Durham and 
Holm), 750 
transverse; thoracoabdominal 
(Hart), 773 
transthoracic esophagoplasty for benign 
stricture by means of (Montenegro 
et al.), 313 
Commissurotomy, new instrument and _ tech- 
nique for, in mitral stenosis (Nufiez 
Nufiez et al.), 954 


Congenital absence of greater and _ lesser 
omenta, double omental hernia due 
to (Schnepper and Hanaoka), 147 
angiomatous malformation involving entire 
lower extremity (Herrington), 759 
eystic disease; progressive infantile em- 
physema (Ehrenhaft and Taber), 
414 
goiter; adenolipomatosis of thyroid (Ches- 
ky et al.), 38 
malformation; certain physiologic, patho- 
logic, and surgical features of eom- 
plete transposition of great vessels 
(Lillehei and Varco), 376 
experimental surgical repair of ventricu- 
lar septal defects (King et al.), 
1100 
microcolon (Lane and Franea), 90 
rectovaginal fistula complicated by anal 
incontinence, surgical treatment of 
(Stabins), 127 
Coronary flow, experimental augmentation of, 
by retardation of arterial pressure 
pulse (Kantrowitz and Kantrowitz), 
678 


incisions 


Coumarin; anticoagulant therapy (de 
Takats), 1002 
Crohn’s disease of appendix, nonspecific 


granulomatous inflammation (Meyer- 
ding and Bertram), 891 

Crural muscle group, anterior, tibial fracture 
causing ischemia of (Linder and 
Harley), 51 

Cyanosis; certain physiologic, pathologic, and 
surgical features of complete trans- 
position of great vessels (Lillehei 
and Vareo), 376 

Cystic disease, congenital; progressive in- 
fantile emphysema (Ehrenhaft and 
Taber), 414 

Cysts of head and neck; external laryngocele 
(Johnston), 307 

parathyroid (Crile and Perryman), 151 


D 


Denervation, sympathetic; studies of com- 
bined vascular and neurological in- 
juries (Kunkler and Shumacker), 
607 

Diaphragm ; thoracoabdominal 
(Hart), 773 

Dicetyl phosphate, treatment of aneurysms 
with follow-up studies on (Cowley 
and Yeager), 1032 


incisions 











1128 





Diiodofluorescein; cholescintigram (Yuhl et 
al.), 724 

Dilatation, ulceration, and anemia; side-to- 
side intestinal anastomosis compli- 
eated by: physiologically unsound 
procedure (Clawson), 254 

Diphenylamine determination; investigations 
into role of heparin in proliferative 
tissue reactions (Robinson and Ham- 
ilton), 473 

Dissection, surgical, hyaluronidase as aid in 
(Streuter), 28 

Distention, abdominal, duplication of entire 
colon, bladder, and urethra (Ravitch 
and Scott), 843 


Dog, effect of sympathectomy on experi- 
mental frostbite in (Kay et al.), 
867 

Dogs; bio-electric phenomena as etiological 


agents in intravascular thrombosis 

(Sawyer and Pate), 491 

cardiopulmonary dynamics of mitral steno- 
sis (Baronofsky et al.), 347 

changes in pulmonary vessels produced by 
experimental pulmonary hypertension 
(Muller et al.), 363 

effectiveness of Tween 80 in reducing fecal 
nitrogen and fat loss following sub- 
total and total gastrectomy (Ever- 
son), 34 

esophagitis in, following Heller and Gron- 
dahl operations with and without 
vagotomy, evaluation of (Geever and 
Merendino), 742 

experimental augmentation of coronary 
flow by retardation of arterial pres- 
sure pulse (Kantrowitz and Kantro- 
witz), 681 

surgical repair of ventricular septal de- 

fects (King et al.), 1100 

hyaluronidase as aid in surgical dissection 
(Streuter), 28 

intra-abdominal arterial anastomoses (Hur- 
witt et al.), 1043 

normal, effects of adrenal medullectomy 
and sympathectomy on circulatory 
dynamics of (Richards et al.), 510 

observations on experimental bile perito- 

nitis (Miles and Jeck), 446 


liberation and elimination of 


on myo- 
hemoglobin and of hemoglobin after 
release of muscle ischemia (Montag- 

nani and Simeone), 170 
plastic armor for experimental animals 


(Narat et al.), 88 

some effects upon liver of complete arteri- 
alization of its blood supply (IIT) 
(Rather and Cohn), 207 

studies on blood ammonia in normal and 
shock states (Nelson and Seligson), 1 

on lysis of experimental pulmonary em- 

boli using trypsin (Shingleton et 
al.), 501 

unanesthetized, intraductal secretory pres- 

sure of pancreas in (Wulsin and 

Siler), 9 
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Dogs—Cont’d 


use of aortic occlusion in abdominal sur- 


gery with report of two human 
eases (Burch et al.), 673 
of cellulose sponges in surgery (Paine 


and Egan), 805 

of nylon net for external support of 
blood vessel grafts and aneurysms 
(Vargas and Deterling), 1061 
preserved bile duct homografts to 
bridge common duct defects (Leary 
et al.), 238 

Duet, common bile, identification:of (Jonas), 


99 
vo 


of 


homografts, preserved bile, use of, to 
bridge common duct defects (Leary 
et al.), 238 

Duodenal erosion; autopsy survey of peptic 
ulcer associated with other disease 
(Mears), 640 

ulcer, perforated, aftermath of (Stabins), 
614 
role of nervous system in pathogenesis 
of (Dragstedt), 902 (£.) 

Duplay and Denis Browne techniques for hy- 
pospadias operations, comparison of 
(Browne), 787 

Duplication of entire colon, bladder, and 
urethra (Ravitch and Scott), 843 

Duplications of alimentary tract (Ellis), 140 

Dyes, antibiotics, and radioactive substances, 
excretion of, through external pan- 
ereatic fistula (Rumore et al.), 735 

Dyspnea; controlled unilateral bronchovascu- 
lar occlusion as method for study- 
ing pulmonary function (Nemir et 
al.), 408 


E 
4 
4 


metastasis from mammary carcinoma 
to supraclavicular and internal mam- 
mary lymph nodes (McDonald et 
al.), 521 

Editorials, 319, 768, 902 

Electrocardiogram ; controlled unilateral bron- 
chovascular occlusion as method for 
studying pulmonary function (Ne- 
mir et al.), 406 

experimental pulmonary, studies on 
lysis of, using trypsin (Shingleton 
et al.), 501 

Embolism, air; experimental cardiac surgery 
(Glenn and Sewell), 195 


Edema; 


Emboli, 


Emphysema, progressive infantile (Ehren- 
haft and Taber), 412 
Endometriosis, stromal, benign and malig- 


nant (sarcoma) (Hunter), 258 
Epithelium, gastric, and smooth muscle in 
wall of gall bladder, heterotopia 
composed of (Williams and Humm), 
eal 
Vo 
Eponymiec fractures: John Rhea Barton and 
Barton’s fractures (Peltier), 960 
Esophageal varices; management of cirrhosis 
of liver and ascites with particular 
reference to portacaval shunt opera- 
tion (Habif et al.), 580 
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Esophagitis in dogs following Heller and 
Gréndahl operations with and with- 
out vagotomy, evaluation of (Geever 
and Merendino), 742 

Esophagogastric anastomosis, high, preserva- 
tion of gastric circulation by use of 
splenic artery in (Emerson), 117 

Esophagoplasty, transthoracic, for benign 
stricture by means of transverse 
colon (Montenegro), 313 

Esophagus, carcinoma of, as complication of 
achalasia (Kastl), 125 


lower; thoracoabdominal incisions (Hart), 


773 

Estrogenic hormones; evaluation of factors 
which 
tremities with obliterative arterial 
disease (Cranley et al.), 1083 


Extrahepatic obstruction of portal system; | 


experiences with portacaval anasto- 
mosis in treatment of portal hyper- 
tension (Ripstein), 572 

Extravagal influences on gastric hydrochloric 
acid secretion induced by stress 
stimuli (French et al.), 621 

Extremities with obliterative arterial disease, 
circulation in, evaluation of factors 
which influence (Cranley et al.), 
1076 

Extremity, entire lower, congenital angioma- 
tous malformation involving (Her- 
rington), 759 

upper, carcinoma of, axillary gland dissec- 

tion with preservation of pectoral 
muscles for (Spear), 701 


F 


Fat loss and fecal nitrogen following sub- 
total and total gastrectomy, experi- 


mental evaluation of effectiveness of | 
(Everson), | 


Tween 80 in reducing 
33 


Fecal nitrogen and fat loss following sub- 


total and total gastrectomy, experi- | 
mental evaluation of effectiveness of 


Tween 80 in reducing (Everson), 33 
Femoral shaft, fractures of, treated by intra- 


medullary nailing, critical analysis 


of end results in (Brav), 693 
Fibrinolysis; studies on lysis of experimental 
pulmonary emboli using trypsin 
(Shingleton et al.), 503 
Fibroplasia, proliferative; investigations into 
role of heparin in proliferative tis- 
sue reactions (Robinson and Hamil- 
ton), 470 
Fibrosis, periarterial; surgical considerations 
of excisional therapy for aortic 
aneurysms (Cooley and De Bakey), 
1005 
treatment of aneurysms with follow-up 
studies on dicetyl phosphate (Cowley 
and Yeager), 1032 
anorectoplasty for extensive and 
complicated hemorrhoids (Granet), 
79 


fa 


Fissure ; 





influence circulation in ex- | 
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Fistula, congenital rectovaginal, complicated 
by anal incontinence, surgical treat- 
ment of (Stabins), 127 
external pancreatic, excretion of antibi- 
otics, dyes, and radioactive sub- 
stances through (Rumore et al.), 
735 
pancreatic; intraductal secretory pressure 
of pancreas in unanesthetized dogs 
(Wulsin and Siler), 9 
Flow, coronary, experimental augmentation 
of, by retardation of arterial pres- 
sure pulse (Kantrowitz and Kantro- 
witz), 678 
Fluid kinetics following thermal burns in 
man (Hardy et al.), 457 
Formalin; hydatid disease (Jidejian), 165 
Fractionated irradiation; roentgen rays and 
wound healing (Nickson et al.), 859 
Fracture; autopsy survey of peptic ulcer as- 
sociated with other disease (Mears), 
647 
tibial, causing ischemia of anterior crural 
— group (Linder and Harley), 
1 
Fractures, eponymic: John Rhea Barton and 
Barton’s fractures (Peltier), 960 
of femoral shaft treated by intramedullary 
nailing, critical analysis of end re- 
sults in (Brav), 693 
Freeze-dried arterial homografts; bio-electric 
phenomena as etiological agents in 
intravascular thrombosis (Sawyer 
and Pate), 491 
Frostbite, experimental, effect of sympathect- 


omy on, in dog (Kay et al.), 867 


G 


Gall bladder, heterotopia composed of gastric 
epithelium and smooth muscle in 
wall of (Williams and Humm), 133 
papilloma of, with in situ carcinoma 
(Tabah and MeNeer), 57 
visualization of; cholescintigram (Yuhl 
et al.), 724 
Ganglionectomy, lumbar sympathetic; evalu- 
ation of factors which influence cir- 
culation in extremities with oblitera- 
tive arterial disease (Cranley et al.), 
1078 
Gangrene and ischemia, thrombophlebitis with 
(Hershey and Snyder), 296 
Gas analysis; controlled unilateral broncho- 
vascular occlusion as method for 
studying pulmonary function (Nemir 
et al.), 406 
Gastrectomy, subtotal and total, experimental 
evaluation of effectiveness of Tween 
80 in reducing fecal nitrogen and 
fat loss following (Everson), 33 
Gastric circulation, preservation of, by use 
of splenic artery in high esophago- 
gastric anastomosis (Emerson), 117 
epithelium and smooth muscle in wall of 
gall bladder, heterotopia composed 
of (Williams and Humm), 133 
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Gastrice—Cont’d 
erosion; autopsy survey of peptic ulcer as- 
sociated with other disease (Mears), 
640 
hydrochloric acid secretion induced by 
stress stimuli, extravagal influences 
on (French et al.), 621 
or epigastric swelling; hydatid disease 
(Jidejian), 160 
resection; aftermath of perforated duo- 
denal ulcer (Stabins), 614 
and antecolic anastomosis, obstruction of 
proximal jejunum following (West), 
98 
segmental, for treatment of peptic ulcer, 
evaluation of (MacLean et al.), 227 
Gastroduodenal intussusception with massive 
hemorrhage (Child and Braunstein), 
754 
Gastrointestinal hemorrhage, peptic ulceration 
and (Ogilvie), 768 (E.) 
duplications of alimentary tract 
(Ellis), 140 
hemorrhage from stress ulcer treated by 
resection (Salasin and Bowers), 821 
ulcerations complicating burns (Weigel et 
al.), 826 
adrenal; combined adrenalectomy- 
sympathectomy in treatment of pa- 
tients with essential hypertension 
(Zintel et al.), 438 
thoracoabdominal incisions (Hart), 773 
axillary, dissection with preservation of 
pectoral muscles for carcinoma of 
upper extremity (Spear), 701 
mammary; inflammatory carcinoma of 
breast in male patient (Treves), 810 
lymphatic; surgical treatment of 
breast cancer (Lewison), 916 
yoiter; adenolipomatosis of thyroid (Chesky 
et al.), 38 
toxic; observations on the preparation of 
hyperthyroid patients for subtotal 
thyroidectomy with propylthiouracil 
(Asper), 655 
Graft, tubular; experimental surgical repair 
of ventricular septal defects (King 
et al.), 1100 
Grafts, arterial; bio-electric phenomena as 
etiological agents in intravascular 
thrombosis (Sawyer and Pate), 491 
blood vessel, and aneurysms, use of nylon 
net for external support of ( Vargas 
and Deterling), 1061 
Granulomatous inflammation, nonspecific, 
(Crohn’s disease) of appendix 
(Meyerding and Bertram), 891 
Grondahl operations, and Heller, with and 
without vagotomy, esophagitis in 
dogs following, evaluation of 
(Geever and Merendino), 742 


tract; 


Gland, 


Glands, 


H 


Halsted system; problems in surgical train- 
ing (Bricker), 342 

Hamartoma, chondromatous, of main bron- 
chus (Chardack and Waite), 92 

Hand, functional and surgical anatomy of, 
336 (B. Rev.) 
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Harelip, double; comparison of Duplay and 
Denis Browne techniques for hypo- 
spadias operations (Browne), 795 
Head tumors and cysts; external laryngocele 
(Johnston), 307 
Health insurance; problems in surgical train- 
ing (Bricker), 343 
Heart disease, rheumatic; present status of 
surgery of mitral and aortic stenosis 
(Johnson et al.), 1090 
experimental surgical repair of ventricular 
septal defects (King et al.), 1100 
new instrument and technique for commis- 
surotomy in mitral stenosis (Nufiez 
Nufiez et al.), 954 
pressure; fluid kinetics 
thermal burns in man 
al.), 457 
and Grondahl 


right, following 
(Hardy et 
operations with and 
without vagotomy, esophagitis in 
dogs following, evaluation of 
(Geever and Merendino), 742 
Hemipelvectomy; congenital angiomatous 
malformation involving entire lower 
extremity (Herrington), 759 
Hemoglobin and myohemoglobin, observations 
on liberation and elimination of, 
after release of muscle ischemia 
(Montagnani and Simeone), 169 
Hemorrhage from stress ulcer treated by re- 
section (Salasin and Bowers), 821 
gastrointestinal, peptic ulceration and 
(Ogilvie), 768 (£.) 
ulcerations complicating burns 
et al.), 828 
massive gastroduodenal intussusception 
with (Child and Braunstein), 754 
Hemorrhoidectomy, control of pain following 
(Gerwig et al.), 880 
Hemorrhoids, extensive and complicated, 
anorectoplasty for (Granet), 72 
Hemostasis, spontaneous; relationship of 
sonically disrupted platelets to serum 
vasoconstrictor activity (Cole et al.), 
482 
Heparin; anticoagulant therapy (de 
996 
investigations into role of, in proliferative 
tissue reactions (Robinson and 
Hamilton), 470 
Hepatectomy; use of aortic occlusion in ab- 
dominal surgery with report of two 
human cases (Burch et al.), 672 
artery; intra-abdominal arterial 
anastomoses (Hurwitt et al.), 1046 
Hernia, double omental, due to congenital 
absence of greater and lesser omenta 
(Schnepper and Hanaoka), 147 
umbilical; surgical correction of panniculus 
adiposus abdominis (Moore and 
Harkins), 731 
Heterotopia composed of gastric epithelium 
and smooth muscle in wali of gall 
bladder (Williams and Humm), 133 
Homografts, freeze-dried arterial; bio-elec- 
tric phenomena as etiological agents 
in intravascular thrombosis (Sawyer 
and Pate), 491 
preserved bile duct, use of, to bridge com- 
mon duct defects (Leary et al.), 238 


Heller 


(Weigel 


r 


Takats), 


Hepatic 
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Homografts—Cont ’d 
surgical considerations of excisional ther- 
apy for aortic aneurysms (Cooley 
and De Bakey), 1015 
Hormonal replacement therapy; clinical and 
metabolic studies of bilateral adre- 
nalectomy for advanced cancer in 
man (Pearson et al.), 543 
Hormones, estrogenic; evaluation of factors 
which influence circulation in ex- 
tremities with obliterative arterial 
disease (Cranley et al.), 1083 
Hospital, private nonuniversity; problems in 
surgical training (Bricker), 337 
Hyaluronidase as aid in surgical dissection 
(Streuter), 28 
Hydatid disease (Jidejian), 155 
Hydrochloric acid secretion, gastric, induced 
by stress stimuli, extravagal influ- 
ences on (French et al.), 621 
Hypertension, adrenalectomy for (Bowers et 
al.), 664 
essential, combined adrenalectomy-sympa- 
thectomy in treatment of patients 
with (Zintel et al.), 438 
experimental pulmonary, changes in pul- 
monary vessels produced by (Muller 
et al.), 363 
portal, experiences with portacaval anas- 
tomosis in treatment of (Ripstein), 
570 


portal venography via portal and percu- | 


taneous splenic routes (Rousselot et 
al.), 557 


Hyperthyroid patients, observations on the | 


subtotal thy- 


preparation of, for 
propylthiouracil 


roidectomy with 
(Asper), 655 

Hypertrophic scars; investigations into role 
of heparin in proliferative tissue 
reactions (Robinson and Hamilton), 
470 

Hypoglycemia; extravagal influences on gas- 
tric hydrochloric acid secretion in- 
duced by stress stimuli (French et 
al.), 622 

Hypoparathyroidism; observations on _ the 
preparation of hyperthyroid patients 
for subtotal thyroidectomy with 
propylthiouracil (Asper), 660 

Hypospadias operations, comparison of Du- 
play and Denis Browne techniques 
for (Browne), 787 

Hypotension; observations on liberation and 
elimination of myohemoglobin and 
of hemoglobin after release of mus- 
ele ischemia (Montagnani and 
Simeone), 181 

Hypothalamus; extravagal influences on gas- 
tric hydrochloric acid secretion in- 
duced by stress stimuli (French 
et al.), 621 


I 


Idiopathic thrombocytopenic purpura, acces- 
sory spleens in (Mustard and 
Chandler), 101 
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Ileal ureteral anastomosis, Roux-en-Y, use of, 
for reimplantation of bilateral] cu- 
taneous ureterostomies to ileal pouch 
(Rack et al.), 886 

Ileus, meconium; meconium peritonitis (Ben- 
del and Michel), 322 

Iliac artery, left, anastomosis of splenic to, 
resection of aneurysms of abdominal 
aorta with (Freeman and Leeds), 
1021 

Inanition, influence of, on utilization of low 
ealoric-amino acid mixture given in- 
travenously (Pareira et al.), 874 

Incisions, thoracoabdominal (Hart), 773 

Infantile emphysema, progressive (Ehrenhaft 
and Taber), 412 

Infarets; studies on lysis of experimental 
pulmonary emboli using trypsin 
(Shingleton et al.), 505 

Inflammation, nonspecific granulomatous, 
(Crohn’s disease) of appendix 
(Meyerding and Bertram), 891 

Injuries, combined vascular and neurological, 
studies of (Kunkler and_ Shu- 
macker), 607 

Insurance, health; problems in surgical train- 
ing (Bricker), 343 

Interauricular septal defects; experimental 
eardiac surgery (IV) (Glenn and 
Sewell), 195 

Intercostal space technique; thoracoabdominal 
incisions (Hart), 783 

Intersex cases; comparison of Duplay and 
Denis Browne techniques for hy- 
pospadias operations (Browne), 793 

Intestinal anastomosis, side-to-side, compli- 
cated by ulceration, dilatation, and 
anemia: physiologically unsound 
procedure (Clawson), 254 

perforation and obstruction; meconium 
peritonitis (Bendel and Michel), 322 

Intestine, small, leiomyosarcoma of (Ripstein 
and Flint), 882 

Intra-abdominal arterial anastomoses (Hur- 
witt et al.), 1043 

Intraductal secretory pressure of pancreas 
in unanesthetized dogs (Wulsin and 
Siler), 9 

Intramedullary nailing, fractures of femoral 
shaft treated by, critical analysis of 
end results in (Brav), 693 

Intravascular thrombosis, bio-electrie phe- 
nomena as etiological agents in 
(Sawyer and Pate), 491 

Intussusception and jejunal polyps associated 
with abnormal melanin pigmentation 
(Young), 46 

gastroduodenal, with massive hemorrhage 
(Child and Braunstein), 754 

Irradiation, fractionated; roentgen rays and 
wound healing (Nickson et al.), 859 

Ischemia and gangrene, thrombophlebitis with 
(Hershey and Snyder), 296 

muscle, observations on liberation and 
elimination of myohemoglobin and 
of hemoglobin after release of 
(Montagnani and Simeone), 169 

of anterior crural muscle group, tibial 
fracture causing (Linder and Har- 
ley), 51 
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J 


Jejunal polyps and intussusception associated 
with abnormal melanin pigmentation 
(Young), 46 

Jejunum, proximal, obstruction of, following 
gastric resection and antecolic anas- 
tomosis (West), 98 

Joint disease, synovial fluid changes in, 168 

(B. Rev.) 

eponymie fractures: John Rhea 

Barton and Barton’s fractures (Pel- 

tier), 960 


Joints ; 


K 


Keloids; investigations into role of heparin 
in proliferative tissue reactions 
(Robinson and Hamilton), 470 
adrenalectomy for hypertension 
(Bowers et al.), 666 
hydatid disease (Jidejian), 161 
thoracozbdominal incisions (Hart), 773 
Kinetics, fluid, following thermal burns in 
man (Hardy et al.), 457 
Knochengewebe fiir Transplantationen die 
Konservierung des, 336 (B. Rev.) 


Kidney ; 


L 


Laryngocele, external (Johnston), 307 

Leg amputations, closed lower, in arterial 
insufficiency (Edwards and Linton), 
688 

Leiomyosarcoma of small intestine (Ripstein 


and Flint), 882 
gastrointestinal ulcerations compli- 
eating burns (Weigel et al.), 826 
Ligation, arterial; studies of combined vas- 
eular and _ neurological injuries 
(Kunkler and Shumacker), 607 
cava, temporary occlusion of inferior vena 
cava suggested as means of treat- 
ment of thromboembolism requiring 
(Streuter and Paine), 20 
of superior pulmonary vein; experimental 
tuberculosis (Scott et al.), 428 
surgical considerations of excisional ther- 
apy for aortic aneurysms (Cooley 
and De Bakey), 1005 
Liver and ascites, management of cirrhosis 
of, with particular reference to 
portacaval shunt operation (Habif 
et al.), 580 
hydatid disease (Jidejian), 156 
necrosis of; observations on experimental 
bile peritonitis (Miles and Jeck), 
449 
some effects upon, of complete arterializa- 
tion of its blood supply (III) 
(Rather and Cohn), 207 
thoracoabdominal incisions (Hart), 775 
Luminal narrowing; changes in pulmonary 
vessels produced by experimental 
pulmonary hypertension (Muller et 
al.), 866 
Lung; cardiopulmonary dynamics of mitral 
stenosis (Baronofsky et al.), 357 
changes in pulmonary vessels produced by 
experimental pulmonary hyperten- 
sion (Muller et al.), 365 


Lesion ; 


SUBJECT INDEX 


Lungs; hydatid disease (Jidejian), 161 

Lymph nodes, supraclavicular and internal 
mammary, metastasis from mammary 
carcinoma to (McDonald et al.), 521 

Lymphatic glands; surgical treatment of 
breast cancer (Lewison), 916 

Lysis of experimental pulmonary emboli us- 
ing trypsin, studies on (Shingleton 
et al.), 501 


M 


Malformation, congenital angiomatous, in- 
volving entire lower extremity (Her- 
rington), 759 . 

Malignancy; surgical treatment of 
cancer (Lewison), 904 

Malignant (sarcoma) and benign stromal en- 
dometriosis (Hunter), 258 

Mammary carcinoma, metastasis from, to 
supraclavicular and internal mam- 
mary lymph nodes (McDonald et 
al.), 521 

gland; inflammatory carcinoma of breast 
in male patient (Treves), 810 

nodes; surgical treatment of breast cancer 
(Lewison), 945 

Mastectomy; surgical treatment of 
cancer (Lewison), 916 

Meatus, stenosis of; comparison of Duplay 
and Denis Browne techniques for 
hypospadias operations (Browne), 
792 

Meconium peritonitis (Bendel and Michel), 
321 

Mediastinum; surgical treatment of breast 
cancer (Lewison), 931 

Medulleectomy, adrenal, and sympathectomy, 
effects of, on circulatory dynamics 
of normal dogs (Richards et al.), 
510 

Melanin pigmentation, abnormal, associated 
with jejunal polyps and intussuscep- 
tion (Young), 46 

Menopause; nonsimultaneous bilateral carci- 
noma of breast (Hubbard), 714 

Mesenteric artery, superior; intra-abdominal 
arterial anastomoses (Hurwitt et 
al.), 1048 

Metabolic studies of bilateral adrenalectomy 
for advanced cancer in man, clinical 
and (Pearson et al.), 543 

Metastasis from mammary carcinoma to 
supraclavicular and internal mam- 
mary lymph nodes (McDonald et 
al.), 521 

Microcolon, congenital 
90 

Mitral and aortic stenosis, present status of 
surgery of (Johnson et al.), 1090 

stenosis, cardiopulmonary dynamics of 
(Baronofsky et ai.), 347 
new instrument and technique for com- 
missurotomy in (Nufiez Nufiez et 
al.), 954 

Monkeys, effects of occlusion of pulmonary 
veins on tuberculosis in; experi- 
mental tuberculosis (Scott et al.), 
426 


breast 


breast 


(Lane and Frang¢a), 





SUBJECT INDEX 


Monkeys—Cont ’d 
extravagal influences on 
chlorie acid secretion induced by 
stress stimuli (French et al.), 62 
Mouth, carcinoma of floor of, surgical meth- 
od of treatment of (Greer et al.), 
279 
Mucosal prolapse; anorectoplasty for exten- 
sive and complicated hemorrhoids 
(Granet), 72 
Muscle group, anterior crural, tibial fracture 
causing ischemia of (Linder and 
Harley), 51 
ischemia, observations on liberation and 
elimination of myohemoglobin and 
of hemoglobin after release of 
(Montagnani and Simeone), 169 
smooth, and gastric epithelium in wall of 
gall bladder, heterotopia composed 
of (Williams and Humm), 133 
Muscles-of tongue; surgical method of treat- 
ment of carcinoma of floor of mouth 
(Greer et al.), 279 
pectoral, axillary gland dissection with 
preservation of, for carcinoma of 
upper extremity (Spear), 701 
surgical treatment of breast 
(Lewison), 924 
pectoralis major; problems in management 
of anterior chest wall tumors (Mae- 
manus et al.), 250 
Myohemoglobin and hemoglobin after release 
of muscle ischemia, observations on 
liberation and elimination of (Mon- 
tagnani and Simeone), 169 


N 


Nailing, intramedullary, fractures of femoral 
shaft treated by, critical analysis of 
end results in (Brav), 693 

N-allylnormorphine, effect of, on choledochal 
sphincter action (Schapiro and 
Beal), 870 

Nasogastric suction; results of operative 
treatment of acute perforated peptic 
ulcer (Palumbo and Rugtiv), 637 

Nausea and vomiting, postoperative, Benad- 
ryl Hydrochloride given intrave- 
nously to control (Warrington et 
al.), 837 

Neck cancer; prevention of carotid artery 
hemorrhage by use of rotating tis- 
sue flaps (Conley), 186 

tumors and cysts; external 

(Johnston), 307 

Necrosis of liver, spleen, and pancreas; ob- 
servations on experimental bile peri- 
tonitis (Miles and Jeck), 449 

vascular; some effects upon liver of com- 

plete arterialization of its blood sup- 
ply (IIL) (Rather and Cohn), 207 

Neoplasm; intra-abdominal arterial anasto- 
moses (Hurwitt et al.), 1043 

Nephrectomy, contralateral, and ureteroduo- 
denostomy, factors contributing to 
renal enlargement after (Block et 
al.), 211 

Nerve, sciatic; studies of combined vascular 
and neurological injuries (Kunkler 
and Shumacker), 607 


gastric hydro- 


eancer 


laryngocele 
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Nervous system, role of, in pathogenesis of 
duodenal ulcer (Dragstedt), 902 
(F.) 

Neurological injuries, 

vascular and 

macker), 607 

retraction; surgical treatment of 

breast cancer (Lewison), 911 

Nitrogen balance; influence of inanition on 
utilization of low caloric-amino acid 
mixture given intravenously (Pa- 
reira et al.), 874 

feeal, and fat loss following subtotal and 

total gastrectomy, experimental 
evaluation of effectiveness of Tween 
80 in reducing (Everson), 33 

Node involvement; nonsimultaneous bilateral 
earcinoma of breast (Hubbard), 712 

surgical treatment of breast cancer (Lewi- 

son), 904 

Nodes, supraclavicular and internal mam- 
mary lymph, metastasis from mam- 
mary carcinoma to (MeDonald et 
al.), 521 

Nylon net, use of, for external support of 
blood vessel grafts and aneurysms 
(Vargas and Deterling), 1061 


combined 
and Shu- 


studies of 
(Kunkler 


Nipple 


O 


Obliterative arterial disease, evaluation of 
factors which influence circulation 
in extremities with (Cranley et al.), 
1076 

Obstruction, intestinal; meconium peritonitis 
(Bendel and Michel), 322 

Occlusion, aortic, use of, in abdominal sur- 
gery with report of two human cases 
(Burch et al.), 672 

controlled unilateral bronchovascular, as 
method for studying pulmonary 
function (Nemir et al.), 401 

intermittent venous; evaluation of factors 
which influence circulation in ex- 
tremities with obliterative arterial 
disease (Cranley et al.), 1080 

of pulmonary veins, effects of, on tuber- 
culosis in monkeys; experimental 
tuberculosis (Scott et al.), 426 

temporary, of inferior vena cava suggested 
as means of treatment in thrombo- 
embolism requiring cava _ ligation 
(Streuter and Paine), 20 

venous; thrombophlebitis with ischemia and 
gangrene (Hershey and Snyder), 
296 

Omenta, greater and lesser, double omental 
hernia due to congenital absence of 
(Schnepper and Hanaoka), 147 

Omental hernia, double, due to congenital 
absence of greater and lesser omenta 
(Schnepper and Hanaoka), 147 

Oophorectomy; clinical and metabolic studies 
of bilateral adrenalectomy for ad- 
vanced cancer in man (Pearson et 
al.), 551 

Open heart surgery; experimental cardiac 
surgery (IV) (Glenn and Sewell), 
195 
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Orchidectomy; clinical and metabolic studies 
of bilateral adrenalectomy for ad- 
vanced cancer in man (Pearson et 
al.), 545 

inflammatory carcinoma of breast in male 
patient (Treves), 810 

Osteotomy; eponymic fractures: John Rhea 
Barton and Barton’s fractures (Pel- 
tier), 968 


P 


Pain following hemorrhoidectomy, control of 
(Gerwig et al.), 880 
relief of; high cervical chordotomy (Roul- 
hac), 288 
cleft; comparison of Duplay and 
Denis Browne techniques for hypo- 
spadias operations (Browne), 796 
Pancreas, intraductal secretory pressure of, 
in unanesthetized dogs (Wulsin and 
Siler), 9 
necrosis of; observations on experimental 
bile peritonitis (Miles and Jeck), 
449 
-ancreatic fistula, external, excretion of an- 
tibiotics, dyes, and radioactive sub- 
stances through (Rumore et al.), 
735 
pseudocyst, chylous ascites due to (Cran- 
dell et al.), 111 
Panniculus adiposus abdominis, surgical cor- 
rection of (Moore and Harkins), 728 
Papilloma of gall bladder with in situ ear- 
cinoma (Tabah and MeNeer), 57 
?arathyroid cysts (Crile and Perryman), 151 
Pathologic, physiologic, and surgical features, 
certain, of complete transposition of 
great vessels (Lillehei and Varco), 
376 
Pectoral muscles, axillary gland dissection 
with preservation of, for carcinoma 
of upper extremity (Spear), 701 
surgical treatment of breast cancer 
(Lewison), 924 
Penis, deformity of; duplication of entire 
colon, bladder, and urethra (Ravitch 
and Scott), 843 
Peptic ulcer, acute perforated, results of 
operative treatment of (Palumbo 
and Rugtiv), 635 
associated with other disease, autopsy 
survey of (Mears), 640 
evaluation of segmental gastric resection 
for treatment of (MacLean et al.), 


9907 


aol 
ulceration and gastrointestinal hemorrhage 
(Ogilvie), 768 (F.) 
Percutaneous splenic routes, portal venog- 
raphy via portal and (Rousselot et 
al.), 557 
Perforated duodenal 
(Stabins), 614 
Perforation; gastrointestinal ulcerations com- 
plicating burns (Weigel et al.), 829 
intestinal; meconium peritonitis (Bendel 
and Michel), 322 


Palate, 


ulcer, aftermath of 








SUBJECT INDEX 


Periarterial fibrosis; surgical considerations 
of excisional therapy for aortic 
anevrysms (Cooley and De Bakey), 
1005 

Pericardial grafts; use of nylon net for ex- 
ternal support of blood vessel grafts 
and aneurysms (Vargas and Deter- 
ling), 1061 

Perineal opening; comparison of Duplay and 
Denis Browne techniques for hypo- 
spadias operations (Browne), 792 

Peripheral resistance, systemic; effects of 
adrenal medullectomy and sympa- 
thectomy on circulatory dynamics of 
normal dogs (Richards et al.), 517 

Peritonitis; experimental bile, observations 
on (Miles and Jeck), 445 

meconium (Bendel and Michel), 321 

Physiologic, pathologic, and surgical fea- 
tures, certain, of complete transposi- 
tion of great vessels (Lillehei and 
Vareo), 376 

Pigmentation, abnormal melanin, associated 

with jejunal polyps and intussuscep- 

tion (Young), 46 

relationship of sonically disrupted 

platelets to serum vasoconstrictor 

activity (Cole et ai.), 490 

armor for ¢xperimental 

(Narat et al.), 88 

Platelets, sonically disrupted, relationship of, 
to serum vasoconstrictor activity 
(Cole et al.), 482 

Pneumothorax ; response to 
(Matas), 976 

Polyps, jejunal, and intussusception associ- 
ciated with abnormal melanin pig- 
mentation (Young), 46 

Polythene; treatment of aneurysms with fol- 
low-up studies on dicetyl phosphate 
(Cowley and Yeager), 1034 

Portacaval anastomosis, experiences with, in 
treatment of portal hypertension 
(Ripstein), 570 

shunt operation, management of cirrhosis 
of liver and ascites with particular 
reference to (Habif et al.), 580 
portal venography via portal and percu- 
taneous splenic routes (Rousselot et 
al.), 559 

Portal hypertension, experiences with porta- 
caval anastomosis in treatment of 
(Ripstein), 570 

venography via portal and percutaneous 
splenic routes (Rousselot et al.), 557 

Postoperative and post-partum period, vita- 
min B, deficiency mimicking throm- 
bophlebitis in (Eiseman), 863 

nausea and vomiting, Benadryl Hydrochlo- 
ride given intravenously to control 
(Warrington et al.), 837 

Post-partum period, vitamin B, deficiency 
mimicking thrombophlebitis in post- 
operative and (Eiseman), 863 

Pouch, ileal, use of Roux-en-Y ileal ureteral 
anastomosis for reimplantation of 
bilateral cutaneous ureterostomies to 
ileal pouch (Rack et al.), 886 


Plasma; 


Plastic animals 


foreword 
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Pregnancy; nonsimultaneous bilateral carci- 
noma of breast (Hubbard), 716 


Pressure, pulmonary arterial; fluid kinetics 
following thermal burns in man 
(Hardy et al.), 457 
cardiopulmonary dynamics of mitral ste- 
nosis (Baronofsky et al.), 548 
pulse, arterial, experimental augmentation 
of coronary flow by retardation of 
(Kantrowitz and Kantrowitz), 678 
Pressures, pulmonary artery and femoral 
artery; controlled unilateral bron- 
chovascular occlusion as method for 
studying pulmonary function (Nemir 
et al.), 403 
Prolapse, mucosal; anorectoplasty for exten- 
sive and complicated hemorrhoids 
(Granet), 72 


Propylthiouracil, observations on preparation | 


of hyperthyroid patients for sub- 
total thyroidectomy with (Asper), 
655 

Prostate cancer; clinical and metabolic stud- 
ies of bilateral adrenalectomy for 
advanced cancer in man (Pearson 
et al.), 543 

Prosthesis; closed lower leg amputations in 
arterial insufficiency (Edwards and 
Linton), 688 

Protein, dietary; influence of inanition on 
utilization of low caloric-amino acid 
mixture given intravenously (Pareira 
et al.), 874 

Prothrombin-depressants; anticoagulant ther- 


apy (de Takats), 998 
Pseudocyst, pancreatic, chylous ascites due 
to (Crandell et al.), 111 


for extensive 


Pseudopolyps; anorectoplasty 
hemorrhoids 


and complicated 
(Granet), 72 
Pulmonary arterial pressure; 
following thermal burns in 
(Hardy et al.), 457 
artery; certain physiologic, pathologic, and 
surgical features of complete trans- 
position of great vessels (Lillehei 
and Varco), 376 
emboli, experimental, studies on lysis of, 
using trypsin (Shingleton et al.), 
501 
emphysema; progressive infantile emphy- 
sema (Ehrenhaft and Taber), 412 
function, controlled unilateral bronchovas- 
cular occlusion as method for study- 
_ing (Nemir et al.), 401 
vascular resistance; effects of adrenal 
medullectomy and sympathectomy on 
circulatory dynamics of normal dogs 
(Richards et al.), 517 
vein; cardiopulmonary dynamics of mitral 
stenosis (Baronofsky et al.), 348 
veins, effects of occlusion of, on tubercu- 
losis in monkeys; experimental tu- 
berculosis (Scott et al.), 426 
vessels, changes in, produced by experi- 
mental pulmonary hypertension 
(Muller et al.), 363 


fluid kinetics 
man 
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Pulse, arterial pressure, experimental aug- 
mentation of coronary flow by re- 
tardation of (Kantrowitz and Kan- 
trowitz), 678 

Purpura, idiopathic thrombocytopenic, acces- 
sory spleens in (Mustard and Chand- 
ler), 101 

Pylorotomy; evaluation of segmental gastric 
resection for treatment of peptic 
ulcer (MacLean et al.), 229 


R 


Rabbits; relationship of sonically disrupted 
platelets to serum vasoconstrictor 
activity (Cole et al.), 484 

Radioactive substances, excretion of anti- 
bioties, dyes, and, through external 
pancreatic fistula (Rumore et al.), 
735 

Radiotherapy; surgical treatment of breast 
cancer (Lewison), 933 

Rats; factors contributing to renal enlarge- 
ment after ureteroduodenostomy and 
contralateral nephrectomy (Block et 
al.), 213 

roentgen rays and wound healing (Nick- 
son et al.), 859 

Reconstructive surgery; eponymic fractures: 
John Rhea Barton and Barton’s 
fractures (Peltier), 960 

Rectovaginal fistula, congenital, complicated 
by anal incontinence, surgical treat- 
ment of (Stabins), 127 

Renal artery; intra-abdominal arterial anas- 
tomoses (Hurwitt et al.), 1048 

enlargement after ureteroduodenostomy and 
contralateral nephrectomy, factors 
contributing to (Block et al.), 211 

Resection, gastric, aftermath of perforated 

duodenal ulcer (Stabins), 616 
and antecolic anastomosis, obstruction of 
proximal jejunum following (West), 
98 
hemorrhage from stress ulcer treated by 
(Salasin and Bowers), 821 
of aneurysms of abdominal aorta with 
anastomosis of splenic to left iliac 
artery (Freeman and Leeds), 1021 
segmental gastric, for treatment of peptic 
ulcer, evaluation of (MacLean et 
al.), 227 
Respiratory emergency; progressive infantile 
emphysema (Ehrenhaft and Taber), 
412 
Reticulum, vascular; management of carotid 
body tumors (James and Saleeby), 
107 
Review of recent meeting, 633 
Rheumatic heart disease; present status of 
surgery of mitral and aortic stenosis 
(Johnson et al.), 1090 

technique; thoracoabdominal 
(Hart), 783 

Roentgen rays and wound healing (Nickson 
et al.), 859 


Rib incisions 
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Roux-en-Y ileal ureteral anastomosis, use of, 
for reimplantation of bilateral cu- 
taneous ureterostomies to ileal pouch 
(Rack et al.), 886 


Rupture of bowel; meconium peritonitis 
(Bendel and Michel), 322 
8 


Salt therapy; fluid kinetics following thermal 
burns in man (Hardy et al.), 457 
Sears, hypertrophic; investigations into role 
of heparin in proliferative tissue re- 
actions (Robinson and Hamilton), 
470 
Sciatic nerve; studies of combined vascular 
and neurological injuries (Kunkler 
and Shumacker), 607 
Septal defects; certain physiologic, patho- 
logic, and surgical features of com- 
plete transposition of great vessels 
(Lillehei and Vareo), 383 
interauricular; experimental cardiac sur- 
gery (IV) (Glenn and Sewell), 195 
ventricular, experimental surgical repair 
of (King et al.), 1100 
Serum vasoconstrictor activity, relationship 
of sonically disrupted platelets to 
(Cole et al.), 482 
Shaft, femoral, fractures of, treated by in- 
tramedullary nailing, critical analy- 
sis of end results in (Brav), 693 
Shock and normal states, studies on blood 
ammonia in (Nelson and Seligson), 
1 
Shunt operation, portacaval management of 
cirrhosis of liver and ascites with 
particular reference to (Habif et 
al.), 580 
response to foreword (Matas), 981 
venous; experiences with portacaval anas- 
tomosis in treatment of portal hy- 
pertension (Ripstein), 570 
certain physiologic, pathologic, and 
surgical features of complete trans- 
position of great vessels (Lillehei 
and Varco), 383 
portacaval and splenorenic; portal venog- 
raphy via portal and percutaneous 
splenic routes (Rousselot et al.), 559 
Soduim excretion, urinary; fluid kinetics fol- 
lowing thermal burns in man (Hardy 
et al.), 457 
intake; management of cirrhosis of liver 
and ascites with particular refer- 
ence to portacaval shunt operation 
(Habif et al.), 580 
Sonically disrupted platelets, relationship of, 
to serum vasoconstrictor activity 
(Cole et al.), 482 
Sphincter, choledochal, action, effect of n- 
allylnormorphine on (Schapiro and 
Beal), 870 
Spinothalamic tract; high cervical chordot- 
omy (Roulhac), 288 
Spleen, necrosis of; observations on experi- 
mental bile peritonitis (Miles and 
Jeck), 449 
thoracoabdominal incisions (Hart), 773 


Shunts; 
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Spleens, accessory, in idiopathic thrombocyto 

penic purpura (Mustard and Chand- 

ler), 101 

anastomosis of, to left iliae artery, 

resection of aneurysms of abdominal 

aorta with (Freeman and Leeds), 

1021 

artery, preservation of gastric circulation 
by use of, in high esophagogastric 
anastomosis (Emerson), 117 

routes, percutaneous, portal venography via 
portal and (Rousselot et al.), 557 


| Splenic, 
| 


Splenorenal shunt; portal venography via 
portal and percutaneous _ splenic 


routes (Rousselot et al.), 559 
Sponges, cellulose, use of, in surgery (Paine 
and Egan), 803 
Stenosis, mitral and aortic, present status 
of surgery of (Johnson et al.), 1090 
cardiopulmonary dynamics of (Baronof- 
sky et al.), 347 
new instrument and technique for com- 
missurotomy in (Nufiez Nuiiez et 
al.), 954 
of meatus; comparison of Duplay and 
Denis Browne techniques for hy- 
pospadias operations (Browne), 792 
Stress stimuli, extravagal influences on gas- 
tric hydrochloric acid secretion in- 
duced by (French et al.), 621 
Stricture, anal; anorectoplasty for extensive 
and complicated hemorrhoids (Gra- 
net), 72 
Stromal endometriosis, benign and malignant 
(sarcoma) (Hunter), 258 
Subclavian artery, left; changes in pulmo- 
nary vessels produced by experi- 
mental pulmonary hypertension 
(Muller et al.), 364 
nasogastric; results of operative 
treatment of acute perforated pep- 
tic uleer (Palumbo and Rugtiv), 637 
Supraclavicular and internal mammary lymph 
nodes, metastasis from mammary 
earcinoma to (McDonald et al.), 521 
nodes; surgical] treatment of breast cancer 
(Lewison), 945 
physiologic, pathologic features, 
certain, of complete transposition of 
great vessels (Lillehei and Varco), 
376 
training, problems in (Bricker), 337 
Suture; response to foreword (Matas), 972 
Sympathectomy, combined adrenalectomy-, in 
treatment of patients with essential 
hypertension (Zintel et al.), 438 
effect of, on experimental frostbite in dog 
(Kay et al.), 867 
effects of adrenal medullectomy and, on 
circulatory dynamics of normal dogs 
(Richards et al.), 501 
Sympathetic denervation; studies of combined 
vascular and neurological injuries 
(Kunkler and Shumacker), 607 
Synovial fluid changes in joint disease, 168 
(B. Rev.) 


Suction, 


Surgical, 
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| 
| 
| 
| 
| 
| 


7 


T type portasplenic angle; portal venography 
via portal and percutaneous splenic 
routes (Rousselot et al.), 558 
Taenia echinococcus; hydatid disease (Jide- 
jian), 155 
Tempora mutantur (Ogilvie), 319 (£.) 
Therapy, anticoagulant (de Takats), 985. 
excisional, for aortic aneurysms, surgical 
considerations of (Cooley and De 
Bakey), 1005 
hormonal replacement; clinical and meta- 
bolic studies of bilateral adrenal- 


ectomy for advanced cancer in man 


(Pearson et al.), 543 
maintenance; combined 


adrenalectomy- | 


sympathectomy in treatment of pa- | 


tients with essential 
(Zintel et al.), 443 
salt; fluid kinetics following thermal burns 
in man (Hardy et al.), 457 
Thermal burns in man, fluid kinetics follow- 
ing (Hardy et al.), 457 
Thoracoabdominal incisions (Hart), 
Thoracocervical dissection; surgical treatment 
of ‘breast cancer (Lewison), 951 
Thoracotomy, control; experimental tubercu- 
losis (Scott et al.), 427 
response to foreword (Matas), 976 
Thromboembolic occlusion; intra-abdominal 
arterial anastomoses (Hurwitt et 
al.), 1043 
Thromboembolism; anticoagulant 
(de Takats), 985 
requiring cava ligation, temporary occlu- 


773 


hypertension | 


therapy | 


sion of inferior vena cava suggested | 


as means of treatment of (Streuter 
and Paine), 20 

Tirombophlebitis, vitamin B, deficiency mim- 
icking, in postoperative and post- 
partum period (Eiseman), 863 

with ischemia and gangrene (Hershey and 

Snyder), 296 

Thrombosis, intravascular, 
nomena as_ etiological 
(Sawyer and Pate), 491 

surgical considerations of excisional ther- 

apy for aortic aneurysms (Cooley 
and De Bakey), 1005 

Thyroid, adenolipomatosis of (Chesky et al.), 
38 

Thyroidectomy, subtotal, observations on the 
preparation of hyperthyroid patients 
for, with propylthiouracil (Asper), 
655 

Tibial fracture causing ischemia of anterior 
crural muscle group (Linder and 
Harley), 51 


bio-electrie phe- 
agents in 


Tissue flaps, rotating, prevention of carotid | 
artery hemorrhage by use of (Con- | 


ley), 186 


proliferative, reactions, investigations into | 


role of heparin in (Robinson and 
Hamilton), 470 


Toxie goiter; observations on the preparation | 
of hyperthyroid patients for sub- | 


total thyroidectomy with 
thiouracil (Asper), 655 


propyl- | 
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Training, surgical, problems in (Bricker), 337 
Transposition, complete, of great vessels, 
certain physiologic, pathologic, and 
surgical features of (Lillehei and 
Varco), 376 
Transthoracic esophagoplasty for benign 
stricture by means of transverse 
colon (Montenegro), 313 
Transverse colon, transthoracic esophago- 
plasty for benign stricture by means 
of (Montenegro), 313 
Tripod type portasplenic angle; portal venog- 
raphy via portal and percutaneous 
splenic routes (Rousselot et al.), 558 
Trypsin; anticoagulant therapy (de Takats), 
1000 
studies on lysis of experimental pulmonary 
emboli using (Shingleton et al.), 501 
Tuberculosis, experimental (Scott et al.), 426 
Tumor; chondromatous hamartoma of main 
bronchus (Chardack and Waite), 92 
gastroduodenal intussusception with mas- 
sive hemorrhage (Child and Braun- 
stein), 754 
leiomyosarcoma of small intestine (Rip- 
stein and Flint), 882 
metastasis from mammary carcinoma to 
supraclavicular and internal mam- 
mary lymph nodes (McDonald et 
al.), 521 
nonsimultaneous bilateral carcinoma of 
breast (Hubbard), 706 
surgical treatment of breast cancer (Lewi- 
son), 906 
Tumors, anterior chest wall, problems in man- 
agement of (Macmanus et al.), 245 
carotid body, management of (James and 
Saleeby), 104 
inoperable; clinical and metabolic studies 
of bilateral adrenalectomy for ad- 
vanced cancer in man (Pearson et 
al.), 543 
of head and neck; external laryngocele 
(Johnston), 307 
Tween 80, experimental evaluation of effec- 
tiveness of, in reducing fecal nitrogen 
and fat loss following subtotal and 
total gastrectomy (Everson), 33 
Twinning, caudal; duplication of entire colon, 
bladder, and urethra (Ravitch and 
Seott), 853 


U 


Uleer, acute perforated peptic, results of 
operative treatment of (Palumbo 
and Rugtiv), 635 
anorectoplasty for extensive and compli- 
cated hemorrhoids (Granet), 72 
duodenal, role of nervous system in patho- 
genesis of (Dragstedt), 902 (£.) 
peptic, associated with other disease, au- 
topsy survey of (Mears), 640 
evaluation of segmental gastric resection 


for treatment of (MacLean et al.), 
997 


aal 


perforated duodenal, aftermath of (Sta- 
bins), 614 
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Uleer—Cont’d 
simple perforated, of colon (Durham and 
Holm), 750 
stress, hemorrhage from, treated by resec- 
tion (Salasin and Bowers), 821 
Uleeration, dilatation, and anemia, side-to- 
side intestinal anastomosis compli- 
eated by: physiologically unsound 
procedure (Clawson), 254 
skin; metastasis from mammary car- 
cinoma to supraclavicular and in- 
ternal mammary lymph nodes (Me- 
Donald et al.), 521 
and gastrointestinal 
(Ogilvie), 768 (E.) 
Uleerations, gastrointestinal, complicating 
burns (Weigel et al.), 826 
Umbilical hernia; surgical correction of 
panniculus adiposus abdominis 
(Moore and Harkins), 751 
Ureteral anastomosis, Roux-en-Y ileal, use of, 
for reimplantation of bilateral cu- 
taneous ureterostomies to ileal pouch 
(Rack et al.), 886 
Ureteroduodenostomy and contralateral ne- 
phrectomy, factors contributing to 
renal enlargement after (Block et 
al.), 211 
Urethra; comparison of Duplay and Denis 
Browne techniques for hypospadias 
operations (Browne), 787 
duplication of entire colon, bladder, and 
(Ravitch and Seott), 843 
output; fluid kinetics following 
thermal burns in man (Hardy et 
at.), 457 
pigment; observations on liberation and 
elimination of myohemoglobin and 
of hemoglobin after release of muscle 
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